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In this book an attempt hM been madt to commimlfatu In 
langnaice free from technicalitlef, an explanation of the mechan- 
ical principles on whicb the opeittion of the Safety-YalT* 
depend!. Mathematica haTe been diapenaed with aa far aa poaai* 
ble; the introduction of algebraical formnlaa In each caae Is 
followed by written mlea. Formnlaa are beat, aa thej not only 
teU what la to be done, bnt, ataglance, impreaa the mind with 
the complete operation. Thoae, howeT«r,wbo do not ondentand 
them can nae the written mlea. 

The importance of haying the general prineiplea of Safety* 
Valrea nndentood bythoaewho are charged with the care of 
•team boilera, cannot well be over estimated. 

The writer does not pretend to oiler much that la original, or 
new, but haa endeayored to collate from different anthora, 
•eientiflc periodicala and anch pnblicationa that are not generally 
aocefldUpy an explanation of the principle inrolTcd in the oper* 
ation of Saf ety-ValTca. 

An endeavor haa been made to preaent aU of the known 
dericea that are in nae aa well u those that haye been projected 
and tested by persons who hare given the matter careful stndy. 

The writer is mnch indebted to many gentlemen for asaist- 
ance and information which they have given him, and which 
will, where possible, be found to be acknowledged in the text. 
To the late Robert Briggs and John W. Nystrom, Richard H. 
Bnel, Hogo Bilgram, and last, but not leaat, W. F. Dnrfee, the 
author feels that he is mnch indebted, 

W. BARNET LB VAN, 

8894 North Broad Street 
PmLADSLPHXA, Feb. 10, 1888. 
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The function of a safety valve, as used on a steam 
boiler, is to discharge steam so rapidly, when the 
pressure within the boiler reaches a fixed limit, that 
no important increase of pressure can then occur, 
however rapidly steam may be made. It should be 
so constructed and arranged, that should any acci- 
dent occur, it may be opened by hand and the steam 
pressui'e lowered very rapidly, even when the grates 
are covered with a mass of incandescent fuel, and 
steam is being generated rapidly, without increasing 
the pressure in the boiler over 10 to 16 per cent 
above that to which the valve may be loaded. 

The grate surface, all things considered, is the best 
unit of measurement for determining the size of 
safety valves. The ordinary rate of combustion runs 
from 10 to 15 pounds of coal per square foot of grate, 
4md the rate of evaporation may be taken at pounds 
of water per pound of coal as the maximum. 

The higher the pressure the smaller the orifice will 
have to be; and, on the other hand, the lower the 
pressure the larger must the outlet be. A boiler in 
which the pressure does not exceed 40 pounds per 
square inch, may require from 80 to 40 square inches 
of area; while the same quantity of steam would es- 
cape through 4 square inches of area in a boiler 
carrying 150 pounds pressure. 

A safety valve should not exceed 4 inches in diame- 
ter; when a valve of larger area than 4 inches is want- 
ed, an extra safety valve should be added. The area 
of a valve increases nearly as the square of its diameu 
ter; the circumference, directly as the diameter. Tht 
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escape of the steam is around the circumference, and 
it will be understood, of course, that a point would 
soon be reached in which the area would be of little 
account if carried to large diameters an^ figuring oa 
ordinary valves. For example, if the grate area re- 
quired a common valve 6 inches in diameter, it 
would have a circumference of 18.84 inches; the 
same area would be furnished by two Scinch valves, 
the combined circumferences of which would equal 
9.631X2=19.243 inches. 

As the safety valve is the main reliance in case of 
neglect or inattention of the engineer or fireman, it 
is important to carefully examine its mode of opera- 
tion and the ordinary methods of construction and 
calculation for safety. However, before proceeding 
as above, we will endeavor to give the early history 
of the safety valve, as well as the antecedents, in- 
vention and the manner of proportioning and calcu- 
lating all its parts. As this is a subject that has al- 
ready been very carefully traversed, I do not pretend 
to offer much that is new or original, but will try to 
give that which will be the most useful, for the bene- 
fit of a portion of the rising generatioiT, as well as 
for some others who may be interested, and in as 
simple language as is consistent with plainness; so 
that, any one who can solve simple equations in al- 
gebra, and who knows the simple definitions of 
trigonometry, and the elements of physics, shall 
understand it. Mathematics will be dispensed with 
as far as possible; but in each case, where possible, 
written mles, together with the particulars of work- 
ing examples, will be given, so that the reader may 
study the subject for himself. 

STEAM. 

As the first result of the application of heat to 
a solid substance is to dilate it, and the next to 
melt it, so also the further application of heat con- 
verts it from a liquid into a vapor or gas. The 
point at which successive increments of heat, in- 
stead of raising the temperature, are absorbed in 
the generation of vapor, is called the '* boiling point** 
of tbe liquid. Different liquids have different boil* 
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• 
ing points under the same pressure, and the same 

liquid will boil at a lower temperature in a vacuum, 

or under a low pressure, than it will under a high 

pressure. As the pressure of the atmosphere varies 

At different altitudes, liquids will boil at different 

temperatures at different altitudes, and the hight of 

a mountain may be approximately determined by 

the temperature at which water boils at its summit. 

DIFFERBNCB BBtWEEN OASES AND TAFOB8. 

Vapors are saturated gases, or, gases are vapors sur- 
charged with heat. Ordinary steam is the saturated 
vapor of water, and if any of the heat be withdrawa 
from it, a portion of the water is necessarily precipi- 
tated. This is not so in the case of a gas under ordi-> 
nary conditions. But if the gas be forced into a very 
Bmall bulki it will follow that any diminution of the 
temperature will cause a portion of the gas to con- 
dense into a liquid. Superheated steam resembles 
gas in its qualities, and a portion of the heat may be 
withdrawn from such steam without producing the 
precipitation of any part of its constituent water.. 
(fioums,) 

Steam was among the motive agents of the most 
ancient idols of Egypt (as the statue of Memnnn, and 
others), and some of the deified images of Europe^ 
and it is curious to note that it should formerly have 
been employed with tremendous effect to delude mea 
—to keep them in ignorance— while now it contrib* 
utes so largely to enlighten and benefit mankind. 

Steam has* of course, been noticed ever since the 
heating of water and cooking of food were prac* 
tioed. The daily occurrence implied by the expres- 
sion, ** the pot boils over," was as common in ante- 
diluvian as in modern times; and hot water thus 
raised was one of the earliest observed facts con* 
nected with the evolution of vapor. From allusions 
in the most ancient writings, we may gather that the 
phenomena exhibited by steam were closely observed 
of old. Thus, Job, in describing Leviathan, alludes 
to the puffs, or volumes, that issue from under the 
covers of boiling vessels: '* By his neesings a light 
doth shine, and his eyes are like the eyelids of tte 
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morning; out of his nostrils goeth smoke [steam] as 
out of a seething pot or cauldron." In the early use 
of the vessels last named, and before experience had 
rendered the management of them easy and safe^ 
women would naturally endeavor to prevent the 
savory contents of their pots from flying off in vapor; 
hence attempts to confine it by covers; and when 
these did not fit sufficiently close, a cloth, or some 
similar substance, interposed between it and the edge 
of the vessel, would readily suggest itself, and a stone 
or other weight placed upon the top to keep all tight 
would also be very natural. Then, as the fluid be> 
gan again to escape, further efforts would be made 
to retain it by additional weights. In this numner, 
doubtless, many a contest was kept up between a pot 
and its owner till one gained the victory ; and we 
need not the testimony of historians to determine 
which one this was. In those times it was not gener- 
ally known that a boiling cauldron contained a spirit, 
impatient of control; that the vessel was the genera- 
tor of an irresistible power, and the cover a wtfet^ 
wUw; and that the preservation of the contents and 
the security of the operator depended upon letting 
the cover alone, or not overloading it; hence it no 
doubt often happened that the confined vapor threw 
out the contents with violence, and then it was that 
primitive cooks began to perceive that there was 
death as well as life in a boiling pot. In this man« 
ner, we suppose women were the first experimenters 
with steam (engineers), and the earliest witnesses of 
steam boiler explosions. 

Ancient priests, both among the Jews and Qentiles, 
were, from their ordinary duties, necessarily con* 
versant with the generation of steam. Its elastic 
force could not, therefore, escape the shrewd ob* 
servers among them. Sacrifices were frequently 
hoUed in huge cauldrons, several of which were per* 
manently fixed in the vicinity of temples — ^in " boil- 
ing places,'* as their locations are named by Ezekiel, 
'* where the ministers of the house shall boU the sac- 
rifice of the people." 

It would eeem, moreover, as if some of the IxMlen 
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^ere made on the principle of Papin's digester, in 
^hich bones were softened by " high steam "; at anj 
rate, a distinction is made between seething pots and 
cauldrons, and from the manner in which both are 
mentioned, they seem to have been designed for dif- 
ferent purposes; the former to seethe or soften bones, 
the latter to boil the flesh in only. " They roasted 
the passover with fire, but the other offerings sod 
tiiey in pots and in cauldrons," (ii. Cor. chap. 85, 
p. 18). " Set on a pot, set it on, and also pour water 
into it. Gather the pieces thereof into it, even every 
l^ood piece, the thigh and the shoulder; fill it wiUi 
the choice bones. Take the choice of the flock and 
bum (or heap) also the bones under it, and make it 
hoU 1000, and let them ieetk the b(me$ of it therein." 
(Ezek. 24, p. 8, 5). The belief that the Jews had 
close Teasels in which steam was raised higher than 
in common cauldrons, is also rendered probable from 
the fact that the Chinese, a contemporary people, 
employ similar ones, and which, from their tenacity 
to ancient devices, have probably been used by them 
from time anterior to those of the prophets. (" Da- 
vis' Chinese," ii. 271; " John Bell's Travels," i. 296, 
and ii. 18). 

Some of the ancient philosophers* who were close 
observers of nature, compared the earth to a cauldron, 
in which water is heated by internal fires; and they 
explained the phenomena of earthquakes by the ac- 
cumulation of steam in subterraneous caverns, until 
its elastic energy rends the superincumbent strata 
for a vent Yitruvius explains by it the existence of 
boiling springs. In the reign of Justinian, Anthe- 
mius, an architect and mathematician, illustrated 
several natural phenomena by it; but of this we 
should probably never have heard had it not been 
for a quarrel between him and his next-door neigh- 
bor, Zeno, the rhetorician. This orator appears to 
have inherited a considerable share of credulity and 
saperstition, which gave his antagonist the advant- 
age. Anthemius, we are informed, had several steam 
boilers in the lower part of his house, from each of 
which a pipe conveyed the vapor above, and by some 
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mechanism, of which no account has been presenred; 
he shook the house of his enemy as by a real earth* 
quake, upon which the affrighted Zeno rushed to the 
Senate, " and declared in a tragic style that a mere 
mortal must yield to the power of an antagonist who 
shook the earth with the trident of Neptune." 

The boiler engineer of to-day, noting the curious 
things in bronze and in copper exhumed at Pompeii, 
and gathered together in the Museo Borbonico, at 
Kaples, will linger near a small vessel for heating 
water, little more than a foot high, in which are 
combined nearly all the principles involved in the 
modern vertical steam boiler — ^flre box, smoke flue 
through the top, and fire door at the side, all com- 
plete ; and, strange to say, this little thing has a 
^MLter grate, made of some small tubes crossing the 
fire-box at the bottom, an idea that has been patented 
twenty times over, in one shape or another, within 
the period of the history of the steam boiler. 

The boilers of the fast boats built by the Herres* 
hoff Company, of Bristol, R I., are similar in con* 
struction to those found in the Thermae at Pompeii, 
taken from impressions left in the mortar or cement 
in which they were embedded. Some idea of the 
capacity of these boilers may be derived from the 
fact that a single establishment could accommodate 
itoo ihofisand persons with warm, or rather hot, baths 
at the same time. Seneca, in a letter to Lucilius, 
says " there is no difference between the heat of the 
baths and a boding furnace**; and it would, he ob- 
serves, appear to a reasonable man as a sufficient 
punishment to wash a condemned criminal in them. 
The i>ersons who had the charge of heating in close 
vessels and distributing daily such large quantities 
of water, must necessarily have been conversant with 
the mechanical properties of steam, and the economy* 
ical modes of generating it. 

— YALVB& 

The bellows was probably the first instrument of 
which they formed a part. No other machine equally 
ancient can be pointed out in which they were re> 
quired. That the bellows is of antediluvian origin. 
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there caa be little doubt, for neither Tubal-Cain nor 
any of his pupils could have reduced and wrought 
iron without it. 

Strabo attributed the bellows to Anacharsis, who 
lived about 600 years B. C. Pliny (B. vii., 6«), attri- 
butes it to the fabled Cyclops of Qreek mythology. 
The prophet Jeremiah, who lived long before Ana- 
charsis, speaks of it in connection with metallurgi- 
cal operations: *'The bellows are burned, the lead 
is consumed of the fire; the founder melteth in vain." 
Isaiah, who lived still earlier, namely, in the eighth 
centuiy B. C, alludes to the blacksmith's bellows: 
' " The smith that bloweth the coals in the fire." Job, 
nine or ten centuries before the Scythian philosopher 
flourished, speaks of the blast furnace as common: 
"They gather silver, and brass, and iron, and lead, 
and tin, into the midst of the furnace, to Uov> the fire 
upon it to melt it." Homer, as might be supposed, 
could not fully describe the labor of Vulcan without 
referring to this instrument. His account of the 
great mechanical work is equally descriptive of a 
smith and his forge of the present day. 

** Obscure hi smoke, his f ors^es flaming round. 
While bathed in sweat from fire he flew, 
And pnfiiDg load, the roaring bellows blew. 

Jost as the gods direct, now lond, now low, , 
_ They raise a tempest, or they gently blow.** 

[i/iotf. ZYiii., 48S, 546. Fop9, 

The most important improvement on the primitive 
bellows, or bag, was the admission of air by a Mp- 
wroite opening — a contrivance that led to the inven- 
tion of the «a^, one of the most essential elements 
of steam or water, as well as pneumatic, machinery. 
The first approach to the ordinary valve, was a de- 
vice that is still common in the bellows of some Af- 
rican tribes. A bag formed of the skin of a goat, 
ha9 a reed attached to it to convey the blast to the 
fire, and the part which covered the neck of the 
animal is left open for the admission of air. This 
part is gathered up in the hand when the bag is com^ 
pressed, and opened when it is distended. (Ew* 
bank's Hydraulics, 285). 
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TIm principle of the wine has always been in use 
lor a ▼aiiety of purposes. Doors are wltee, and were 
80 named by the ancients. Those of the private 
apartments of Juno were contrived by Vulcan to 
close of themselves. Thus, Homer sings: 

•* Tonohed with the secret key, the doors nnfold, 
Self-olosed behhid her shuts the valve of gold." 

imad, xiv. 

It is probable that all valves were originally in the 
form of doors ; that is» mere flaps or clacks mov- 
ing on a hinge, and either lying horizontally, like a 
trap-door; inclined, like some of our cellar doors; 
opening vertically, as an ordinary door; or suspended 
by hinges, from the upper edge; and sometimes they 
consisted of two leaves like folding doors. Examples 
of all these are still common. Isis was represented 
by the ancient Egyptians with "the key of the 
sluices of the Kile" in her hand, the instrument by 
which the doors or valves, like the locks in our can- 
als were opened and closed. 

The most ancient musical wind instruments known 
in the Eastern world are provided with valves, as the 
primitive bag-pipes, and the Chinese variation of 
this instrument, which Toreen describes as consist- 
ing of *' a hemisphere to which thirteen or fourteen 
pipes are applied, and catching the air blown into 
it by valves." The pastoral flute of Pan, from its 
expressing thirty-two parts, he supposes to have been 
of a similar construction, (Osbeck's Voyage, ii. 248). 
Valves were, of course, employed in Uie organs of 
Jubal, as well as in the bellows belonging to his cele- 
brated brother, and other antediluvian blacksmiths. 
The ninth problem of the Spiritdlia relates to valvea. 
Conical metallic valves were used by Ctesibius, of 
Alexandria, one of the most emineilt mathematicians 
and mechanicians of antiquity, in the construction 
of elap$ydr<B. (Instruments used by the Greeks and 
Bomans, for measuring time by the gradual dis- 
charge of water from a large vessel through a min« 
ute perforation in the bottom). 

The spindle valve, or such as have a long shank 
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to pTerent tbdr rising too high, and guiding then 
when descending, is said to be of French origin. 

BABLT 8AFBTT TALYBS. 

The liability of alembics and stills to barst, led the 
old chemists to apply plugs to the openings in these 
Tcssels, that the vapor might raise or drive them out 
and escape ere the pressure exceeded the strength of 
the vessels. In old works on distilling, conical 
plugs, or valves, are shown as fitted into cavities on 
the tops of boilers, and, in some cases, they were 
loaded. In the Maiton BtuUqus de McMre$ OharUi 
Uttienne et Jean IMtniU, Doeteun en liidicine 
<Paris, 1674), are figures of two eUm boilers, in which 
the distilling vessels were heated; one formed a wa- 
ter, and the other a vapor, bath. On the top of each 
is a conical valve, opening upwards. These served 
both to let out the superfluous steam and to intro- 
duce water. Olauber, who contributed several val- 
uable additions to the mechanical department of 
chemistry, has figured and described, in his " Trea- 
tise on Philosophical Furnaces," the modes by which 
he prevented glass retorts or stills from being burst 
by the vapor. A long stopple, or conical valve, was 
fitted to the neck of each, being ground air-tight to 
its seat, and loaded with a " cap of lead," so that, 
when the steam became " high," it slightly raised 
the valve, and a portion escaped. The valve then 
closed again of itself, " being pressed down with the 
leaden cap, and so stopped close." (English trans- 
lation, London, 1651, page 806). The safety valve 
on Kewcomen's first engine was of this description. 

The above safety valve is now known as a " pos- 
itive safety Valve," the valve as now made being fiat, 
conical, or spherical, thus exposing a greatly in- 
creased area when opened. This is a meritorious 
feature, as the experiments of Baldwin, Richardson, 
Adams, and numerous safety-valve makers have 
proven. In these, the weight is either placed direct- 
ly above or below the valve, and acts without the 
«id of levers. 

In the same work, Olauber describes the mosi 
philosophical of all safety valves— namely, a column 
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of mercury enclosed in a bent tube, which commiw 
nicates with the boiler or still, somewhat like the 
modern mercurial gauge. He also describes that 
beautiful modification of it known among chemists 
as the " water lute/' or " quiclosilver lute/' which is 
made as follows: Around the mouth or neck of a 
vessel, a deep cavity is formed and partly filled with 
water or mercury, as the case may be. A cylindri- 
cal tessel, open at the top and closed at the bottom, 
forms the cover; it is inverted, the open end being 
placed in the cavity and dipping as far into the li- 
quid as the internal pressure may require. In " The 
Art of Distillation ; or, A Treatise of the Choicest^ 
Bpagyrical experiments," etc., by John French, Doc* 
tor of Physic, London, 1651, the author describes 
the same devices for preventing the explosion of 
vessels as those mentioned by Glauber. Speaking of 
the action of such safety valves, he observes (page 7); 

" Upon the top of a stopple [valve] there may be fast- 
ened some lead, that if the- spirit be too strong, it will 
only heave up the stopple and let it fall down again.* 

LBVBB 6AFBTT VALVE. 

The common lever safety valve was invented by a 
Frenchman, Solomon Decaus, and was improved by 
Denis Papin. Through the influence of the oele> 
brated Boyle, whom he assisted in his experiments 
with the air pump, Papin was elected a Fellow of 
the British Royal Society in December, 1680. He 
was an active and useful member, and contributed 
several interesting papers to the society's transac- 
tions. In 1681 he invented a method of softening 
bones, with a view to extract nourishing food from 
them — ^namely, by submitting them to the action of 
•team at high temperatures (pressure), in close ves> 
■els named digetA&n, 

Papin*8 first digesters were liable to be rent as- 
sonder by the high pressure of steam accumulating 
in them when in place on the fire with their orifices 
stopped. They are shown in detail in Poliniere's 
''Experience de Physique," second edition, Paris^ 
1718. Each consisted of a short but very thick tube^ 
«C bell metal, about a foot in length and five inches 
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in diameter, with one end closed. The open end had 
a collar cast on it, to which the cap or cover was se* 
cured by clamps and a screw. The cover and end 
of the tube were ground together, so as to fit air* 
tight, like a valve to its seat, A few bones and a. 
little water were put in, and the cover screwed down; 
the vessel was then laid in a horizontal position on a. 
bed of charcoal in a long iron grate. The«lmost 
unavoidable rupture of these vessels, led Papin to 
the invention of the common lever safety valve^ 
which he first applied to them, and afterwards to ma> 
chines for raising water by steam. 

It is due to Papin to state, that no one whose la- 
bors have produced so many important results, haa 
in his writings shown so little of the vanity and ab* 
surd enthusiasm proverbially characteristic of an 
inventor. He is considered by his countrymen to 
be the true inventor of the steam engine, a claim 
strongly contested by some English authors of emi- 
nence who have written on the subject. The claim 
of his countrymen is based on communications by 
Papin to the Ada ErudUorum of Leipsig, in 1685. 
One of tliese is a description of a new machine to 
raise water, which is further noticed in the same- 
journal in June, and again in the August following; 
and in the N&uuiRu de la Bepubligtte des ZeUrea for 
July, 1687, is a reply by Papin to some objection 
raised against this apparatus by M. Nuit* 

In 1687 Papin was appointed Professor of Mathe- 
matics at Marburg, in Germany. 

Papin's claim to the invention of the safety valve^ 
therefore, is not to the valve itself, but to the modo 
of applying it by means of a lever and movables 
weight, thereby not only preventing the valve froui 
being blown entirely out of its place, but regulating^ 
the pressure at will, and rendering the device of uni- 
yersal application. 

His safety yalve consists of a conical valve, re- 
tained in its sit by a weight on a lever; and from ita 
resemblance to a steelyard, was called the " steelyard 

safety valve." 
The ordinaiy commercial safe^ valve, as now 
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nude, b B diik with k beveled edge, resting on « 
«(incapoiiding Al. The disk U kept dowD agviiut 
4be pnasure Id the boiler by extem&I preuure vatl- 
4MU1T applied, eillier b^ a weiglkt actlog wiih a lev- 
oage, or by a apring. This opening for the efflux of 
«teain, created by the rise of the valve, is thus an 
annular opening. The opening through the valve 
muM be nndentood to be the effeetitd opening clear 
of bridges or other obctaclee, and the area to be com- 
imted ia the area of the smallest diameter of the 



-valve. As before atated, the valve i* ctiamtered on 
the edge, which edg« constitutes the steam-tigtat snr> 
face, and the effective area ia «hat corresponds to 
(he smaller diameter of Uie valve seat and not to tlM 
larger. 

All boilers should have an extra or additional 
Mafetf valve, of the same capacltf as the other, which 
maj act in case of accident to the first from gettieg 
jammed, or otherwise. When there are more than 
one boiler, a pair of safety valves in such a case must 
tie put on each boiler. 

Weighted safety valves are never employed on 
locomoUvea, and but seldom on steamsbipt, as much 
•team is liable to escape during the oaciUatoty mo- 
tions of the ship. Every eafety valve should be so 
located that it can be opened by hand at least twlca 
4M;h day; or, if not convenient to so plsce It, a cord 
«hould be secured to the lever or stem of the valv* 
«o as to operate It ai above, to keep tlte valve free 
•ad in good working order. 



The subject of safety valves is wholly embraced im 
the static branch of mechanics. 

BTATIOa 

Statics is the science of force in equilibrium, or at 
rest. It embraces the strength of materials, of 
bridges and of girders; the stability of walls, chim- 
neys, steeples and towers; the static momentum of 
levers, with their combinations into weighing scales^, 
windlasses, pulleys, funicular machines, inclined 
planes, screws, catenaria, and all kinds of gearing. 

FOBCB. 

The XxstxxifoTet means any action which can be ex- 
pressed simply by weight, and which can be realized 
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only by an equal amount of reaction. Force is d^ 
rived from a great variety of sources; but whenever 
it is simply force, it can invariably be expressed^ by 
weight, without regard to motion, time, power or 
work. The magnitude and direction of a force can 
be represented by a straight line; but no force can 
be realized without an equal amount of resistance Id 
the opposite direction, which likewise can be repre^^ 
aented by a straight line. 
To illustrate: Let it be proposed to find the resoH^ 
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4tnt of two parallel forces F and W, acting at the 
ends of an inflexible line d e. 

Prolong the line W until d dl is equal to F, pro- 
long F until is equal to W, then Join cT and 6\ 
nrhich will cut the inflexible line at/. Draw from/ 

FBOBLEM L 

the resultant R, equal and parallel to W-j-F; then 
B represents the magnitude and direction of the re- 
sistance which balances the two forces F and W. 
The distance a—df is the lever for the force W, and 
.5=:/0 is the lever for F, which quantities bear the fol* 
lowing relation: 
F : W=a : 5, static momentums W a=F h, 

8TATI0 MOMBKTUM. 

The product of a force multiplied by its lever it 
•called vUUic mometUum, The resistance at / is called 
the fulcrum. It is supposed in this case that the forces 
W F act at right angles to the levers a and h. The 
lever of any force is equal to the right angular dis* 
tance from the fulcrum to the direction of that force. 
When the static momentums W a and F 5 are equal, 
then the forces W and F are in equilibrium. 

LBYSBS. 

Levers are classified into three different kinds with 
Teference to the relative position of the force F, 
weight W, and fulcrum/ 

When the fulcrum / is between the force F and 
weight W, the lever is called the lever of \hefint or» 
4er (Fig. 8). 

When the weight W is between the force F and 
the fulcrum/ the lever is of the teeand order (Fig. 4). 

When the force F is between the weight W and 
the fulcrum/ the lever is of the third order (Fig. 6). 

The two forces F and W will be distinguished by 
considering F the applied force, acting on its lever 
Ij, to lift the weight W, acting on its lever L 
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.Aigehraical and Geometrical expressions cf the Fundth 
tnentaZ Principles of Statics of Zewrs of different 
kinds. 

FBOBLEM n. 

First Order. 



M 




JTig. a. 



F : W=i : L, or P L=W I 
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Seeond Order, 
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VBOBLBM. Vr. 

TMrd Ord$r. 




Fig. 5. 

P : W=J : L, or F L=W I 

Wl FL 
F= W= 

L I 



1=' 



Fa 



L= 



Wa 



F-W F-W 

This latter is the lever that is common to all safety 
Talves now in general use on steam boilers. 

OBNTBB OF GBAYITT. 

The center of gravity of a body, or of a rigid S3rs» 
tern of bodies, is a point in which, if they were sus- 
pended, the body will be in equilibrium in any posi- 
sion, like that of a wheel or circle-plane suspended 
in the center. 

A body suspended freely from any point h, will 
hang with its center of gravity in the vertical line 

h 




h k. Now suspend the body from another point s^ 
and the center of gravity will be on the line s m/ 
then when the center of gravity is on both the lines- 



CMirrSM OF GRAVITY. 



IT 



p and » 171, it must evidently be at ^, where the two 
lines cross one another (see Figs. 6 and 7). 

The lines j) o and m, or the center of n^ravity g^ 
can also be found by balancing the body on a sliarp 
edge. The center of gravity of any figure or body 

P. 




is thus found by suspending or balancing tb* same 
in two different positions. 

FBOBLEM V. 

In the foregoing (Figs. 8, 4 and 5), we bave oomid- 
ered the levers to be inflexible lines without weight, 
which will answer when the center of gravity of the 
material levers is in the fulcrum, like Uiat of a 
weighing balance, or that of a wheel ; but this center 
of gravity is often located at a considerable distance 
from the fulcrum, as may be illustrated by Fig. 8, 
which is a lever of the first order. Fig. 8. The levers 
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I and L are in the form of a beam resting on the 
fulcrum /, and its center of gravity at ff. Let tbo 
Weights of the beam be represented by^, acting on 
the lever x; there will be two static momentums F L 
ftnd g m, on one side of the fulcrum, against one W l^ 
CHI the other side. 

WJ=FL+^» FL=W?-^« 

lf.ic?= W i- F L W=F L+i7 » 
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P= W l-g X g=W i-P L 

¥L+gl Wl-ga 

W F 

W?-FL 

flj= 

FBOBLBM VI. 

Pig. 9 is a lever of the third order, repreBcntipg a 
cafety valve as made and sold commercially. 



Fig. 9. 

Fl=WL+gx Yl-gx 

W L=F l-g X W= 

g x=F l-W L ^ 

W L+g X P l-W L 

P= g= 

I X 

PL-WL WL+gx 



«=- 



i=- 



Fl—gx 
L= 



P 



W 

The formulas above are the same as those for the 
lever of the second order (Pig. 8). 

The center of gi-avity g may be found experiment* 
ally by balancing the beam over a sharp edge, when 
the distance x can be measured from the fulcrum /. 
It is here supposed that the levers t and L are in a 
straight and horizontal line. The foim of the beam 
affects the location of the center of gravity g, as 
shown in Pig. 9; but when this center is known, the 
shape of the beam does not affect the static momen- 
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turns. The pressure on the fulcrum / is equal to 

Fig. 10 will better show the different functions of 
a safety, valve when in service on a boiler under 
steam pressure. 

A safety valve consists, primarily, of a movable 
disk, ring or platerheld from without, in the ma- 
jority of cases, by a weight or a spring, over an orifice 
in a containing vessel against the pressure of a fluid 
within, so that it will resist any required pressure to 
which it may be adjusted, at the same time that any 
greater pressure will move it away from lis seat 
and permit some of the contained fluid to escape. 
In the case of a steam safety valve, the contained 
fluid is steam in contact with water; the containing 
vessel is a steam boiler and the chambers and pipes 
in unobstructed communication therewith ; and the 
office of the safety valve is to discharge all the steam 
which may at any time be generated within the boil- 
er in excess of the steam drawn from it, after a cer- 
tain pre-determined limit of pressure has been reached. 
8afety valves are generally circular or annular plates of 
brass or iron, with conesponding seats; and, omitting 
as irrelevant many special forms, are of two classes: 

First Those which are held to their seats against 
internal pressure by weights, either acting directly 
or through levers ; in most general use with sta- 
tionary boilers. 

Second, Those which are held to their seats against 
internal pressure by springs, either acting directly 
or through levers; used almost exclusively upon lo- 
comotives, and to a great extent on portable steam 
engine boilers. 

The form of safety valves in general use to-day, 
as before stated, were used by Papin in 1680, and 
are, therefore, two hundred years old, and probably 
much older. 

If the contact between a safety valve and its seat 
were the contact of two sharp edges, like two circu- 
lai^ knives edge to edge, the action of a valve in open- 
ing and closing would be simpler than it can gener- 
ally be in practice. In fact, the surface in contact 
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niast httTfr, for conBtructive reftBons, a breadth very 
ooDsiderable in proportion to the diameter of the ori- 
flee dosed bj the Talve; and since the areas of cir- 
des are to each other as the squares of their diame- 
ters, the area of the circle circumscribed bj the outer 
border of the valve seat is materially larger than the 
area bounded by the inner border of the seat The 
smaller area alone, within the seat, is acted on by 
the confined steam while the valve is closed; the 
larger area, within the outer border of the seat, is 
acted on by the escaping steam while the valve is 
open. It was, therefore, not unnatural to suppose 
that a safety valve, once opened against a resistance 
nearly constant, would immediately open still more 
widely, so as to give free outlet to the steam; and 
that it would remain open until a very sensible re- 
daction of pressure in the boiler should enable a 
force, at first overcome by the higher pressure on the 
smaller area, to overcome in its turn the reduced 
pressure on the larger area. 

That the reverse is true is well known. A safety 
valve, opened so as to permit the escape of a thih 
film of steam, can be further lifted so as to permit 
the free escape of steam, only by considerable in- 
crease of pressure, or by some special contrivance. 
It is usual to explain this phenomenon entirely by 
the increased resistance of springs due to increased 
tension ; but this cannot be the sole cause, since the 
same thing is observed in a less degree where weights 
are used to close the valve. An additional cause is 
to be found in the expansion of a film of escaping 
Bteam between the valve and its seat, as in the fa- 
miliar ''pneumatic paradox" described by Bourne 
as " the tendency which escaping steam has to suck 
the valve down." There is also a iittle sluggishness 
and hesitancy about a movement produced by a very 
slight preponderence of nearly balanced forces. All 
motion is attended with some friction and some in- 
ertia; and decided preponderance is required to pro- 
duce decided movement. To counteract this inert* 
ness, and to give promptness and decision — in a 
word, to give " popl" to the action of a safely Valv«, 



FUNCTiaSS OF BAFETT TALVSa, 



both in opening and in rioting, mtmj ezpedienti 
hftve been invented, and will be described furtber on. 
Befemice being bad to Fig. 10, tbe letters denote 
as f oUows-; 

1. D represents tbe diameter of the valv>e diamber 
O, also tbe smallest point of contact of tbe 
valve «. 

0. W ^presents the weight acting on tbe long lev- 
er L. 

S. « represents the weight of tbe lever arm a, 
▼alvtt % and sterna, acting on tbe lever «. 




Wig. 10. 

4. L ropvesents tbe long lever, and is tbe distance 

h-om the center of tbe weight W, to the f ni- 

'crum /, on which the lever aVm • rests. 
4S. I represents the abort lever, and is tbe distance 

from the center of 4be valve stem i to the f«rt- 

CTum/. 
^6. m repfesaats tbe distance from tbe osnter of 

gravitgr ff, to fnlomm/. 
T / represents the fulcrum, and is the suppoft on 

wfaich tbe lever arm a rests. 

reptesente tbe lever aim, on whieh is placed 

the weight W, and to which is attadied tbe 

valve stems. 

represents the valve covering the dfa«f»ber C. 

vepresenls the valve atem, or guide, of valve^iv. 
U. g represemts the ^senter of gravity ef the lever 

mmu, valve e, miod stem a. 
12. p Tepvesenta tbe steam pressure alxM^ %it ef 

Atraosj^eiie (aa shown by tbe steam gaugt^. 



%. a 



U 



V 
9 



bgr the length of tiie loog lever L, and like 
^ ■ fl t ieui will be the weight W in poands required. 

Te iad the lesgth of the long lever L, the area A 
of tke valve, the steam pranuiep, and aU die other 
di ie n dione being known : ^ 

Lever j[i= ■■■ ■ '■■ • •••«. 8 

W 

J^iiZ^.^^ubtract the momentum «» ;b of the lever 
arm a from the area A of the valve in square inches, 
multiplied by the steam pressure p in pounds per 
square inch, and this product bj the length of the ^ 

shoi-t arm Z, and divide this remainder by the weight 
W in pounds; the quotient will be the distance in 
inches from fulcrum /to place the weight W. 

To find the pressure p per square inch at which a 

safety valve will blow off, the weight W, and all the 

other dimensions being known: 

WL+v« 

Prefi8urei>= 4 

AZ 

i?tifo.— To the momentum of the lever arm «, add 
the product of the weight "W!, multiplied by the 
length of the lever arm L; divide this sum by Uie 
product of the area A, multiplied by the length of 
the lAiort lever I, and this quotient will be the steam 
pressure p in pounds per square inch. 

To find the area A in square inches, the weight 
W, and steam pressure p, aud all the other dimen- 
aions being known: 

Area A= , . , , 5 

BiAb. — To the momentum 10 sr, of the lever arm a, 
add the product of the weight W, multiplied t>y the 
length in inches of the lever L; this sum, divided by 
the ptroduct of the steam -pressure p in pounds per 
square inch by the length of the short lever {, will ^ 

be the area A in square inches. 

To #ad the weight 10 of the lever arm a, vaWe « 
•ndatem «, the area A in square inches, and stem 
prossMve J), and aU the other dimensions 'being 
k'Kiva: 



FUNCTIONS OF SAFBTT YALYS8. 9$ 

Weight of lererws ^ 

J^tMle.'^Subtvaeft the product of the we(|^ W» 
multiplied by the length of lei^er L, from the pro- 
4uet of the area A multiplied by the steam pnai. 
ure jp, imd this product by the length of the diott 
lever l\ this remainder, divided by the lever «, or 
distance of the center of gravity g from fulcrum /, 
the quotient will be the weight of lever a, and valve 
« and 8t«n «. 

To find the distance x in inches from the center of 

gravity g to fulcrum /, the area A in square indies^ 

of the valvQ, the steam pressure p in pounds per 

square inch, and all the other dimensions being 

given: 

Aj»?-WL 
Distance «= , 7 

to 

JJttfo.— Multiply the weight W by the length of 
the lever L; from this product subtract the product 
of the area A, multiplied by the steam pressure % 
and this product by the length of lever l\ divide this 
remainder by the weight to, of the lever arm a, valve 
% and stem «. 

Having given the levers L, 2, and a the area A 
(D'xO.7854), steam pressure p, and the weight to, the 
weight W is calculated by formula 2. 

Mcample 2, — A safety valve has a diameter of D=3 
inches, and the lever to a pressure of steam p=BO 
pounds per square inch, with the following dimen- 
sions: 
A=area of valve D=2 inches (2x3X0.7854) 8.141G 

L=rlong lever in inches 80 

Z=:8hort lever in inches 4 

ii;=di6tance of center of gravity g 15 

to=weight in pounds of lever arm o^ valve % 

and stem 8.. 6 

j)=steam pressure per square inch in pounds.80 

What will be the weight required? 

Ap J— 10* 

Formulas: W= 

L 
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8.1416X80X4-6X15 

W= =80.5 pounds. 

80 

Ihsample 8. — Suppose a safety valve to be of the 
following dimensions, at what distance L from the 
fulcrum /must the weight W be placed to cany a 
steam pressure j?^0 pounds per square inch? 
A=area of valve D— 3 inches (8x3x0.7854). . 7.068 
j>=steam pressure per square inch in pounds. 50 

Jssshort lever in inches 4 

to= weight of lever arm a, valve •, and stem 8 

in pounds .10 

iTsrdistance of center of gravity g in inches. .IB 
Wssweight in pounds 50 

A p l—w X 

Formida 8: L= 

W 

7.068X50X4-10X18 
Lever L — ■ ^ 2 2.6 inches. 

50 

Example 4. — A safety valve having the following 
dimensions, at what pressure p per square inch wiU 
it blow off? 

L=length of long lever in inches 80 

{=lenglb of short lever in inches 8 

'W=weight in pounds. 50 

f0=weight of lever arm a, valve % and stem «. . .13 
d;=lenglh from fulcrum / to center of gravity g^ 

in inches 15 

Assarea of valve in square inches 7 

WL+wa? 

Formula 4: p= 

A2 

50X80+12X15 

Steam pressure p= =80 pounds. 

7X3 

Example 5. — The following dimensions, and the 
■team pressure p per square inch to be carried, to 
find the area of valve A? 

L=length of long lever in inches 80 

{=length of short lever in inches r 4 

Wsweight in pounds 80 
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fr=weight of lever arm a, valve % and stem «, 

in pounds 13 

iP=distance from fulcrum/ to center of gravity^ 
in inches 10 

^=steam pressure in pounds per square inch. . . .40 

Formula 5: A= 

pi 
80X30+12X10 

Area A= =6.875 square inches. 

40X4 

or about 2| inches in diameter, 

Example 6. — A safety valve of the following di* 
mensions^ to find the weight of the lever arm a, 
valve t), and stem 8, the distance x and steam press- 
ure p being given. 

A=area of valve in square inches 2 

jp=:steam pressure in pounds per square inch. .80 

L=length of long lever in inches • 20 

^s=length of short lever in inches 1.5 

Wsweight in pounds. .10 

ipssdistance from center of gi*avity ^ to fulcrum 

/ io^ inches 10 

Api-WL 
Formula 6: w= 

X 

2X80X1.5-10X20 

Weight w= =4 pounds. 

10 

Example 7. — ^A safety valve of known dimensions, 

given to find the distance x from center of gravity g 

to fulcrum/, in inches. 

A=area of valve in square inches 20 

^=steam pressure in square inches 80 

L=length of long lever in inches. 40 

{= length of short lever in inches 4 

Wssweight in pounds 50 

i0sweight of lever arm a, valve « and stem » in 

pounds 20 

ApZ-WL 

Formula 7: «= 

w 

20X30X4-50X40 

Distance «= =20 inches. 

20 
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THB GBAD0ATION OF BAJVTT TALTB ISSTSBA, 

^or great accuracy in finding the center of grayily 
g^ tbe weight of yalve « and stem » should be weighed 
with the lever arm a\ and they also should be placed 
on the lever at their proper distance from fulcrum / 
when the lever arm a is balanced over a sharp edge. 
As before stated, the momentum wx ot the lever is 
found by multiplying the weight of lever arm a, 
valve « and stem • by the distance x from the ful« 
crum/ to the center of gravity g^ which ia a constant 
quantity in the graduation of the lever for different 
pressures of steam. 

ExampU 8. — A safety valve of the following di- 
mensions, the lever to be graduated from 80 to 80 
pounds to the square inch. 

First find the weight W required for a steam press- 
ure of 80 pounds to the square inch, which number 
is to be marked on the lever 80 inches from the ful- 
crum/. 

A=area of valve in square inches 8 

^=steam pressure in pounds per square inch^ .80 
L=length of long lever in inches 80 

l=length of short lever in inches. 2 

to=weight of lever arm a, valve v and stem 9 in 

I>ounds. • • .... 4 

a;=diBtanoe from fulcrum/ to oeater of gravil^f 

g in inches 7.S 

Ap{— 10 X 

Fornula 2: W= 

L 

8X80X2-4X7.5 

Weight Wrs =15 poands. 

80 

The weight W required to balance steam pressure 
|)=80 pounds to be placed on the lever L— 80 indist 
from the fulcrum / 

Kow find the long lever L, or at what distance 
from fulcrum / shall the weight W-*15 pounds be 
placed to balance a steam pressure of p—^ pounds 
to the square inch. 

Ap^-«t0« 

Formula 8: L— 

W 
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IMtti from ftilorain/-*L* 



8x80x2-4x7.5 



W 



10 Ids* 



Then measure off this distance L-»10 inches on 
Ihe lever arm a from the fulcrum/, and mark it with 
the number 80; divide the distance between the firal 
and second positions of the weight into 80«-8O— 60 
equal pai*ts, and number them from 80 to 80 consecu«> 
tively. The lever is thus graduated for the required 
pressure of steam by 1 pound of difference per 
square indi. 

The following method of calculating the w«ight 
area of safety valves is used by Morris, Tasker & Co. , 
incorporated, of Philadelphia, furnished them by 
the late Robert Briggs (see Fig. 11). 










Fig, 11. 

First. Multiply the area A of the valve v in square 
inches (0.7864 D*) by 10 pounds (or whatever unit 
of pressure per square inch is taken to form a divi* 
sion of the lever). 

Second, Multiply the short lever 2, in iuches, by 
the area A in square inches and the 10 pounds (the 
divisions of the lever), which will give 10 A I, which 
will equal the momentum of the pressure on the valve 
at 10 pounds pressure p, per square inch on the 
riiort lever Z. 

ThM, Divide the momentum 10 A i by the weight 
W, having assumed a weight W which it is desiraMe 
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to use; the result is the length in inches of each di- 
vision of the lever, which will indicate 10 pounds 
pressure p per square inch on the valve surface. 
' Fawrlh, Remove the weight W from the lever 
arm, hook on a spring balance at some ascertained 
distance x^ in inches from the fulcrum /, and lift 
the lever arm, valve % and spindle s from its sit by 
the balance. Take the weight to indicated and mul- 
tiply it by the distance x, and the result will be the 
momentum of the weight W, and the result will give 
the length of an imaginaiy line P, behind the ful- 
crum /, on the end of which if the weight W were 
hung it would balance the lever arm, valve v, and 
fipindle «. 

Fijth, The end of the line P, we will call O=zero, 
as a new point from which the first division com- 
mences, and the following divisions are to be earned 
along the lever arm, as shown on the drawing. 

The algebraical expression of the above rule may 
t)e set up as follows: 
Let O=zero point of lever arm. 
L=long lever in inches.' 
Z=short lever in inches. 
fl;=:equal distance from fulcrum /at which the 
spring balance is applied. 
1/^= weight in pounds. 
10= weight indicated by spring balance. 
A=area of valve v in square inches (0.7854 D*). 

10 a; 

Divisions of 10 pounds each= 8 

W 

Distance of zero point behind \ w x 

fulcrum /, to balance lever >• = — 9 

arm, valve «, and stem «. ) W 

. PracticaHy, the pressure a safety valve lever exerts 
on the valve « can be ascertained by fixing it in its 
place, and securing the valve and stem in its proper 
position, and attaching a spring balance to the lever 
arm immediately over the center of the valve o. If 
the weight W be also attached, in lifting the valve 
jBlightly the balance will indicate the total pressure 
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81 



'Which tends to keep the valve in its sit, which press- 
ure being divided by the number of square inches in 
the valve area A, will give the pressure p per square 
inch at which steam will commence to blow off. 

Example 8. — A safety valve having a diameter of 
2.5 inches^ its area A will be 4.908 square inches 
(0.7854X2.5X2.5=4.908). Now, in raising the lever 
arm a, valve v, stem «, and weight W, attached the 
fipring balance indicates 245 pounds, the pressure at 
-which the valve will lift is the quotient arising from 
dividing this 245 pounds by the area A of the valve 
.908 square inches. 




V- 



245 
4.908 



ng. 12, 



■■=50 pounds pressure per square inch. 



The pressure exerted by a safety-valve lever can 
1)6 arrived at with a common steelyard, as shown in 
Fig. 12. 

BAFBTY YALYBS WITH BALANCED LEVEBS. 

8afety-valve levers are sometimes prolonged be- 
yond the fulcrum/, and provided with an adjustable 
weight W, which is set to balance the weight of the 
lever arm a, valve v, and stem «, as shown in Fig. 18. 

This manner of making safety valves simplifieg 
the calculation very much. 



OB BAFBTY VALrSB. 

Tlie algebrsical expraBBion of these Yalues may be 
att up as followa: 

WL=Aj>i 10 

J^^. — The weight W, multiplied by the length of 
the long lever L, equals the area A of the valve iv 
multiplied by the steam pressure p per square iiich» 
and this product by the length of the short lever {. 

Kpl 

Weight W= U 

L 

Rule, — Multiply the area A by the steam pressure 
p, per square inch, and this product by the length of 
the short lever I, and divide this last result by the 
length of the long lever L; the quotient will be the 
weight W in pounds. 

• 7~u-i — ^- ' 




iL^ 



Fig, 18. 
WL 

Pressure p= 12 

AZ 

Buie, — ^Multiply the weight W by the length of 
the long lever L, and divide this product by the pro- 
duct of the area A, multiplied by the short lever 2; 
the quotient will bathe pressure p per square inch. 

Api 

Lever L= 13 

W 

BvU, — Multiply the area A of the valve « by the 
pressure p, in pounds per square inch, and this pro- 
duct by the length of the short lever {, and divide 
this last result by the weight W in pounds; the quo- 
tient will be the length of the long lever L. 

Example 9.— A safety valve of the following dl. 
mensions, to find the weight W in pounds? 
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L=1eDgt]i of long lever in inches 40 

2= length of short lever in inches 4 

A=area of valve in square inches. . . 5 

j7=the steam pressure in pounds per square 
inch 100 

ApZ 
Then by formula 11 : W=— — 

5X100X4 

Weight W= =50 pounds. 

40 

Mccwiple 10. — A safety valve of the following di« 
mensions, at what pressure p per square inch will it 
blow off? 

W=the weight in pounds ' 10 

L=the long lever in inches 24 

7=the short lever in inches 2 

Assthe area of the valve v in square inches. 3 

WL 

Formula 12: p= 

A2 

10X24 

Pressure j?= =40 pounds per square inch. 

2X3 

Example 11.— A safety valve of the following di- 
mensions, how long must the long lever L be to blow 
off at 80 pounds? 

A=the area of the valve v in square inches. . • 4 

'W=the weight in pounds 30 

Z=the short lever in inches 8 

j7=8team pressure in pounds per square inch 30 

Apl 
Formula 18: L= 

W 

80X4X8 

Long lever L= =32 inches. 

30 

Lever safety valves, as generally made, are easily 
altered, and thus prevented from operating correctly. 
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Tbe lever arm a of 8 safety valve should always 
be of a length suitable for the maximum pressure 
the boiler is to carry; or the weight secured to the 
lever arm a at the proper working distance^ and to 
prevent overloading only one toeigJU should be al- 
lowed on the lever arm a, and this placed at the end 
of the same. 

BFFEGTIVB ABBA OF SAFETY VALVES. 

The effective area is the opening for the flow of 
steam, due to the hight of lift of the valve. It is an 
annular opening, the area of which may be found by 
the following rules: 

Valve^SU NotatumB, 

M represents the effective area of the annular open* 
ing through wliich the steam escapes. 
h represents vertical hight in inches equal to the 

lift of the valve. 
D represents the inner diameter of the valve sit in 

inches. 
d represents the depth of the valve ait in inches. 
D represents the angle of the valve sit to the plane 

of the valve. 
ic represents tlie circumference of a circle whose 
diameter D=l, and stands for 8.14159265. 
Cos represents the cosine or the sine of the comple* 
ment of the angle of the valve sit. 
Bins represents the sine of the angle of inclination. 
Tan represents the tangent of the angle or bevel of 
tlie valve sit. 
For safety valves with flat stt. Fig. 14 gives an 
opening, when lifted, equal to the surface of a cylin- 
der having the same diameter D, as that of the valve, 
and a hight equal to the lift A. 

The effective area M of the annular opening, 
when there is no bevel to the valve, will be 

M=hie 14 

Bvle. — The effective area equals the vertical lift A, 
multiplied by the circumference tt, when there is no 
angle; or. 
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M=J>hZAm 15 

^i^.-^Tfae effective area eqciak tb« diameter I>» 
multiplied by 8.1416, and this product by tbe vertU 
calliftA. 




v^^. 



_iii 




Jf 




Fig. 14. 

Idft ofvaihe one-quarter of the diameter. Fka tU. 

Example 18.— A flat valve sit (Fig. 14) without 
bevel, with Ds9 inches, and lift Ac=Vu or 0.0625 




Fig. IS. 

Lift of vahe, half the depth of sit. Angle of eit, 4$ 

deffrees. 

of an inch. What is the effective area M of the 
opening? 



36 
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Formula 14: Mz=h jr 



Effective area -<E=0.0625x6.283=0.3927 sq. inchesi 

Formula 15: ^=D A 3.1416. 
Effective area ^=2x3. 1416x0.0625=0.3937 sq. ins. 

In the case of a valve sit with an angle or bevel v. 
Fig. 15, it is clear that the effective area M of the 
annular steam passage will be equal to the surface 
of a frustum of a cone, and is the perpendicular 
distance d e, multiplied by the mean circumference 
of the diameter a b. 

The distance a b=T>+i h, which, multiplied by tt, 
gives the circumference; or, it (D+JA), when the 
angle v is 45 degrees. 

JJttfo.— Multiply 3.1416 by the sum of the diame- 




r%g, 16. 

lAfl of valve, the depth of sit. Angle of valve ait, 60 

d^irees, 

ter D, added to one-half the vertical hight h, when 
the angle, or bevel i), is 45 degrees. 

For any other angle use fonnula 16. 

The distance d e=:h cosine v. That is to say, 
that the distance d e equals the vertical hight A, mul- 
tiplied by the cosine of angle v. 

Mssie A cos 9 (D-H ^ sine 2v) 16 

^f^.—First, to the diameter D of the Valve, add 
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one.faalf the vertical lift h, and multiply this sum by 
the sine of twice the angle t\ second, multiply the 
circumference ic of the valve by the vertical lift \ 
and by the cosine of the angle d; third, multiply 
the first product by that of the second, and the re- 
sult will be the effective area M of the annular open- 
ing in square inches. 

Example 14 — A safety valve having a diameter 
D=2 inches, and the valve sit has an angle €=25 de- 
grees. What will be the effective area of the annu- 
lar opening for a vertical lift h^i, or 0.25, of an 
inch? 

Formula 16: uEs^r A cos v (D-fiA sine 2 v) 

0.26 

Effective area -^J =3. 1416x0. 25X0. 906 (2H 

2 
X0.766)=1.157 square inches; or, 

0.25 

First, 2X X0.766 =1.627. 

•2 

Second. 8,1416x0.25x0.906=0.7115 

Third, 1.627x0.7115 =1.157 sq. inches. 

Care must be taken in not confusing 2 v, or double 
the angle 9, with 2 sine or double sines. 

It will be seen in the above example that the angle 
«=25 degrees, 25x2=50 degrees, and the sine of 
which equals 766 (see table, page 40). The fol- 
lowing is a simple formula for a valve sit of an angle 
of 45 degrees, and lift A, less than depth of sit. 

-a;=2.22 A P-H A) 17 

.Rt/Ze.— Multiply the number 2.22 by the lift A, 
and by one-half the lift h added to the diameter D, 
the product will be the effective area M, in square 
inches. 

Example 15.— What will be the effective area M 
of the annular opening of a valve having a diameter 
D=2l inches, for a lift A=i or 0.5 of an inch, the 
angle v of Talve sit b^ing 45 degrees? 

Formula 17: -a:=2.22 h (D+i ^) 
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I 0.5) 

iBs:2.22x0.6 < 2.5-( y =8.05 square inches. 

or, number.. » • 2.23 

multiplied by vertical bight A. • « • . • • 0.5 

and this product nmltiplied by 1.110 

0.5 

the diameter D^2.9, plus -— » 2.75 

2 

Total square inches 8.0525 

tlie following simple f omnila will also answer for 
angles of 80 degrees, with a lift less than the depth 
of the alt: 




Fig. 17. 

LifL of wiKM eoDceeding depth of git. Angle of valve 

9it, 45 degrees, 

-«=3l.57 D HO-«S *• 18 

Bule, — ^First, multiply the diameter of the valve 
D by the vertical lift A, and by the number 1.67; 
flecond, xpultiply the square of the vertical lift h by 
the number 0.68, and add the two products together. 

JStDomple 16. — ^What will be the effective area of a 
aafety-valve diameter D=2 inches, having an angle 
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«=:8(> degrees, and the teitical lift h^\ or 0.0196 of 
ftBlttdif What win be the eflectlTe aTCH of ttean- 
mhur opening for a lift As Vii* ^ ^ ^^^^ o' ^ ^°<^^ 

Formula 18; -fi=1.57 D M-0.68 A« 

Effective area ^^l.lS7x8XO.0e25+O.68x0LM2SX 
0.0020=0.199 square inches; 

or 1.67X2X0.0625= 0.190250 

and 0.0025X0.0026X0.68= 0.008660 



EffectiTe area in square inches. . . 0.199912 

The Special Committee of the Board of Superyi^ 
ing Inspectors of Steam Vessels of the United States 
on safety-valve- tests at the Washington navy yard, 
in September, 1875, made use of the following form- 
ula. All the safety valves on trial had valve sits at 
an angle pf 45 degrees: 

^=D+i A 8.1416 AxO.71 19 

EuU, — ^First, to the diameter D of the valve add 
one-half the vertical lift h\ second, multiply this sum 
by 8.1416, and this multiplied by the product of lift 
A, multiplied by the number 0.71, gives the effective 
area. 

JSxample 17. — A safety valve has a valve diam- 
eter D=2 inches, and a lift A i or 0.5 inch, the 
angle 1^=45 degrees, what will be the effective area 
of the annular opening? 

Formula 19: ^=D-H A 3.1416 AxO.71 

0.5 
Effective area -ffl=2 — X8.1416x0.6x0. 71=2.5 

square inches. ^ 

In case the lift A of the valve exceeds the depth of 
its sit, the area of excess of lift A is obtained as foU 
lows : Multiply the diameter D by the additional 
lift A, and by the circumference tt— 8.1410; this will 
be the area opening due to lift A above the valve sit, 
in square inches. Add this area to that due to the 
depth of the valve sit, and it will give the total effeo. 
tivc area M^ in square inches. 
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Example 18. — ^The diameter of a safety valve D— 4 
inches, and the angle ih«45 degrees, and the depth 
of sit i or 0.125 inches, what is the area of the annu- 
lar opening for a lift of i or 0.25 of an inch? 

First, calculate the area of opening for a valve 
«— 45 degrees, for a lift A-4 or 0.125. 

Formula 17: JE— 2.22 h (J>^h) 

( 0.125 
Effective area uE— 2.22x0.125 \ 4r\ J. —1.124 

square inches. ( ^ 

Second, calculate the amount of opening due to 
the lift h above the sit, which, in this example, is Af 
or 0.125 of an inch. 

Formula 20: -<E— DA 8.1416 

Effective area -ffi— 4x0.125X3.1416— 1.670 

Third, add these values together: 

Effective area due to lift above valve sit. . I . • .1.570 

Effective area due to lift to top of valve sit .. .1.124 

Total effective area in sq. ins. due to} in. lift— 2.694 

THE? VALUE OF THE SINES, COSINES AND TANGENT 
ANGLES, FBOM 20 TO 60 DEGBEES. 
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DIAHBTEB OF SAFETY YALYBS. 

The effective area M of the valye being known, 
and the bight or lift h, the diameter can be calcu- 
lated as follows: For a valve sit without bevel 

M 

20 



A 8.1416 



BuU, — ^Multiply the lift A of the valve by the num- 
ber 8.1416, and divide the area of opening by this 
product. 

EiDample 19. — A safety valve having an effective 
area j£^0.8927 when the valve lifts A— Vu or 0.0625 
of an inch. What should be its diameter? 

By foimula 20: 

0.8927 

Diameter D^ *>2 inches. 

0.0625X3.1416 
or, 

Number 8.1416 

Multiplied by lift 0.0625 

0.19685 
0.3927 

-2 inches. 



0.19685 



Having given, the effective area j£, formula 16, 
and the hight A lifted, the diameter D is found from 
the above formula as follows: 

»D-H A sin. 2 1\ of which the 



n A COS. V 



M 

diameter D— i A sin. 2«. . . . .21 

n h COS. o 

Having given the inside diameter D, and the re- 
quired effective area ^, the lift or hight A to which 
the valve must be lifted, is as follows: 

A* ^ D COS. «— JE— I A sin. 2« ir A cos. • 
hnjy COS. «— ^— A* i sin. %onh cos. • 
A* i sin. 2« n cos. v-fA n D cos. «— ^ 
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( sin. ^ It COS. D ) sin. 



Half Uie Bqusre of the coifflknent f or /i k 



)— r 

( sio. ^ ) 



Add tills OB both mdes of the «• ugna. 

fsin. 2p) (sin. ao) 8in.2pvoos.o (8ixL29^ 
The square root of this formula will be 



D 2uE 

H- -V + 

Bin. 2v sin. 2« ;r cos. o 



I— r 

( sin. 2o ) 



Then 

8^ 



HightA3=v 



i. « (sin. Sv) 



• ....•.•.•< 



Bin. 8 V « COS. « I sin. 8 v ) sin. B« 

JSi»fnp20 SO. — ^A safety valve has a diameter D=2 
inches, and the valve sit has a bevel or angle «=25 
degrees. What is the effective area M^ if the annu- 
lar opening for a lift A=^ or 0.25 of an inch? 

Formula 16: M^n h cob. v (D-f4 h sin. 2 e) 



( 0.25) 
.906 J2H W 



Effective area ^=3. 1416x0.25x0 

XO. 766=1.403 square inches. 

The diameter D, in example 18, can be found by 
using the other dimension by 

m 



Formula 21: 


D: 


;r Acos.9 


-i A Bin. 


2« 




Diameter D= — 




1.493 


-=2.15 


0.25 


X 



3.1416X0.35X0.906 2 

X0.766X909=2.054 inches. 

And the lift A as follows. 



TO FIND TEMAN9LE OF A VALVB BIT. 49 
Formula 23: 

A=V +\ \ + 

sin. 2 « TT COS. V ( sin. 2« ) sin. 2 « 

s.gM i s )' s 

UftAsV f-J 5- ssO.SBOS 

O.766X8.141fXO.0M (a.7l6( Q.7W 

or as follows: 

The sine of 2 «=25^X2=60'= 0.7(» 

Multiplied by n=^ 8.141$ 

2.406465$ 
Multiplied by eotine 9=2&^s 0.90$ 

First product 2.180257888$ 

Divide 2 JE=1.498x2= 2.986 

= 1.8695$ 

By the first product. . . .2.1802578886 

Then divide diameter D= 2 

= 2.611 

By the sine 2 «=25' X2'=50'*=0.766 

Square this quotient 2.611x2.611= .... 6.8172 

To this add the first quotient 1.8695$ 

8.1867$ 

Th« square root of thiTsum yd. 18676=2.8618 
Now divide diameter D=2 

=2.611 

By the sine 2 «=25" x2=50*=0.766 

Subtract this latter quotient from the 
root of the above, and the remain- 
der will be the lift A= 0.2508 inches. 

TO FIND THE AKOLB OF A YALYB SIT. 

From the largest diameter subtract the smallest 
diameter, and divide half this difference by the depth 
of bevel of the valve sit, and the quotient is the tan- 
gent of the angle d. 
The algebraic expression is as follows: 
Let D=large6t diameter of valve sit in inches. 
d=smallest diameter of valve sit in inches. 
ii;= depth of valve sit in inches. 
«=anj;]e, or beveL 
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D-d 

Tangent «= 33 

2 A; 

Example 16. — The largest and smallest diametei*s 
of a valve sit are D=Bi and (^— 2| inches respective- 
ly, and the depth A;— i or 0.5 inch. What will be 
the angle of the valve sit? 

8.6-3.5 

Formula 33: Tangent i>— — 1, the tangent 

0.5X3 
of the angle of the valve sit. 

Or, largest diameter D*>8.5 
Smallest diameter (^—3.5 

1.0 
0.5X3=-1.0 
Tangent v^^l 

The angle con-esponding to this tangent by table 
is 45 degrees. 

SAFETY YALYE ABBAS. 

The writer, in 1867, had the honor of being appoint- 
ed by the president, one of a cqjj^mittee of four mem- 
bers of the Franklin Institute, to which was referred 
the consideration of the legal requirements which 
should be made for safety valves and pressure gauges 
upon steam boilers erected in the city of Philadel- 
phia, in accordance with acts of the Assembly of 
the State of Pennsylvania, approved May 7, 1864 
The following report was approved by ordinance of 
councils of the city of Philadelphia, July 13, 1868: 

The comnaittee did not in American or English 
practice of engineers or boiler-makers find any gen- 
eral rule of dimensions of safety valves, that had been 
acknowledged, relating to other dimensions of boil- 
ers, or to the pressure of steam or the rates of com- 
bustion of fuel, although such relationship is ad- 
mitted by the assumption and practice of different 
constructors without any definite rule. 

Neither have those writers in our language, whose 
works are regarded as authoritative upon the 'subject 
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of Steam and the steam engine, nor has American 
or English legislation, established or stated suitable 
proportions and requirements for the various condi- 
tions. On the other hand, the laws of France, Prus- 
sia, and other continental nations, have been framed 
with an evident appreciation of the essential de- 
mands, and established areas of valve openings for 
all sizes of, and pressures of steam in, boilers, so 
that it had only remained for the committee to trans- 
late into English measures, to modify the ratios by 
using, as the surface of comparison with the safety 
valve area, the grate surface in place of that adopted 
by the French — boiler surface, and to make a fur- 
ther correction by embracing in the rule the differ- 
ing rates of combustion upon the grate surface. 

The committee have not found, nor have they 
sought very carefully, the reasoning upon which the 
French rule, or formula, has been based, and will 
say that they reached the same conclusion indepen- 
dently, and were not a little surprised by the coinci- 
dence after their own investigation. 

We proceed to give, as briefly as possible, those 
considerations which control or influence this ques- 
tion of area of safety valves: 

A safety valve is a loaded valve covering an orifice 
Opening outwards from a boiler, which valve is in- 
tended to lift whenever the pressure of steam within 
the boiler rises above that to which the valve has 
been loaded ; and the opening thus produced ought 
to discharge the steam of the boiler in such quanti- 
ties that the pressure within shall not exceed, to any 
considerable degree, or beyond some fixed limit, the 
defined pressure at which the valve opened. 

Upon this proposition, it is evident that a safety 
valve may sometimes be required to discharge all 
the steam which, under the most favorable condi- 
tions, may be formed by evaporation in any given 
time. As the rapidity of the evaporation of water 
is evidently the result of rapidity of combustion of 
fuel, which itself refers to extent of grate surface 
and strength of draught or blast (supply of air), we 
take the grate surface, or area, as that dement of a 
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ateam boiler presenting the most readily-measured 
surface for comparison with the required area of the 
opening or least section, of tlie aperture or channel 
of discharge of an opened safety valve. We can as^ 
aume that the draught or supply of air to the fuel 
being burned under any given steam boiler, is, on 
the average, that existing in ordinary stationary 
Steam boilers with chimney draught, and afterwards 
correct our proportions for forced draught or blast, 
and more active combustion. In like manner, we 
can modify the results, based on this assumption, to 
auit the conditions of boilers which are heated by 
Che waste heat or by the burning of gases uncon- 
sumed in manufacturing processes. As it is the ob- 
ject of investigation to determine that area of safety 
valve needed to insure safety, it is proper to give so 
great an excess above the absolute demand for the 
sectional area of the vein of steam escaping from a 
boiler under any given pressure as will be sure to 
cover the emergency of extraordinary rapidity of 
combustion during any short period of time, and 
also to include the coefficient of resistance to dis- 
chai-ge through a passage offering as much resistance 
as the one formed by lifting a disk valve of the or- 
dinary construction from a flat seat 

We here notice that there may be so large an ex- 
cess of area that the opening of the valve may, by 
its sudden relief of pressure and discharge of steam, 
especially in boilers with limited water surface for 
the elimination of the steam from the water, danger- 
ously disturb the equilibrium of circulation of water 
within the boiler; and also that the safety valve may 
be so badly formed, in regard to shape of disk and 
seat, that after Urting a little without any change of 
load upon the valve, the pressure within the boiler 
may dangerously increase, while a small quantity of 
steam only is discharged. In both of these points 
of difficulty we will refer to the practice of engineers, 
only saying here lh;it the ratio of excess which we 
assume, when applied to the case of the gradual 
rising of temperature and pressure which occurs in 
a boiler containing a mass of water, and only ad- 
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snittiDg the gradual opening of the valye, ia nuck 
below any dangerous condition, and our aasumed 
excess is really additional safety. The assuniptioa 
of considerable excess also allows ua» when in our 
theoretical ezami nation we find considerations of 
obviously very small value, to reach, in a practical 
form, a perfectly satisfactory general result. Pro- 
ceeding on these grounds, therefore, let us take the 
average combustion of a well-set or arranged boiler 
at 8 pounds of coal (or fuel equivalent) per square 
foot of grate per hour, and that the maximum com- 
bustion, wben the fire is in the best condition, and 
is evolving heat most rapidly, can be taken at three 
times that of tlie average. That is, for a portion of 
time we must assume that the rate of burning will 
be 24 pounds of coal per (square foot of grate per 
hour. We can estimate with tbe slow rate of aver- 
age combustion assumed, and with ad<>quate heating 
surface to the boiler, which surface shall be in good 
working order, both within and without, that there 
will be evaporated 9 pounds of water to each pound 
of coal consumed. This gives a maximum rate <ii 
evaporation of 216 pounds of water per square foot 
of grate per hour, or 0.06 pound of water per square 
foot of grate per second. 

On the grounds stated in a preceding paragraph, 
we may nerlect the increase of heat demanded for 
tbe evaporation of water at higher temperatures than 
S12 degrees, and assume, within our limits of 20 to 
120 pounds above the atmosphere, the weight of wa- 
ter evaporated or quantity of steam produced by the 
combustion of a given quantity of fuel to I>e constant. 

Whatever error there is, from takinsr a larger quan- 
tity of steam at the higher pressures than is actually 
produced in the result, only adds to the dimeiisiotis 
of the safety valve of such higher pressures, and is aa 
error in a safe direction, as well as a very small one. 

When we come to the discussion of how great an 
allowance of excess of size over almohite n^iiirement 
is to be made, we take first the coetBcieiit of friction, 
as found by experiment on llie flow of liquida 
tbrough apertures and passages of a character sixni' 
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lar to the passage of a safety valve: ^=1.5 a ^here 
J^ is the area of absolute requirement sought, and a 
the sectional area of the vein or tube of fluid, sup- 
posing no resistance from the mouth of discharge to 
exist. And secondly, the practical coefficient em- 
ployed to give adequate excess of area of valve for 
all contingencies. This last has been taken at eight 
times the area of absolute requirement; or A=:8 M 
=13 a, where A is the area of the valve sought, and 
a, as before, the values of M, A and a, being taken 
in square inches. 

The most simple equation expressing the relation 
of volumes of steam to water, applicable to our pur- 
pose, is that given as the result of experiment by 
Fairbairn and Tate: 

889 

Wi>= 1-0.41 

1?+15.053 

Where W i7=the volume of one pound of steam in 
cubic feet, under any nominal pressure p per square 
inch above the atmosphere. Whence we have: 



).41 [ =( 



( 889 

WsO.OC-J [-0.41 }■ =cubic feet of steam 

(lH-15.052 



formed, under our supposition, per second. 

The hight of column to effect the discharge of 
steam under any pressure p (per square inch), is evi- 
dently equal to the volume of p pounds of steam 
multiplied by 144. 



( 889 

A=14^-^ hO 

(lH-15.062 



.41 1 



and the theoretical velocity of discharge in feet per 
aecond s«=:8.025 ^h. 



r 889 ) 

.•.«=8.025 Vl44p \ H>.41 \ 

|lH-16.05a ) 

The size of the vein a (in square feet), which will 
tonvey the volume W at the velocity v per second^ is: 
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889 



W 0.00 iH-15 053 
ii — 



+0.41 



9 13X8.025 f sag 

lH-15.062 
but 144 a^-a, and 12 a= A . *. Ar=1728 a< 



1728 0.06 
.•.A= X 



f ( 389 )• 

] +0.4U 

(lH-15.053 ) 



12 8.025 



( 889 

(lH-15.052 



.41 [ 



Taking the above facts into consideratioui the 
committee arrived at the following formula: 



fl ( 1 
A=21.23V— i 1-0.00195 }• 24 



A (iH-15.052 



\ 



We will now compare this with the legal formula 
•f France, which reads: 

8 (in meters) 
A (in centimeters) =0.00058 ■■ 

n~0.412 
where 

A=area of safety valve. 
«=heating surface of boiler in square meters. 
n=absolute pressure of steam in atmospheres. 
We can safely take the French practice in con- 
struction of their boilers at 20 units of boiler surface 
to each unit of grate surface, as the boilers in gen- 
eral use in France assimilate in these ratios to those 
of our long cylinder or two-flued forms, when the 
proportions generally correspond. Substituting this 
value, and taking 14.7 pounds for the atmospheric 
pressure, deducting one atmosphere of constant 
pressure, and reducing the whole to American 
weights and measures, we have: 

Xsz 35 



60 

where 
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A=area in square inches of safety valve per square 
foot of grate surface. 

The results of the two formulas are given below: 
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Thk coincidence of results could only have ex- 
isted from having the same basis, and the difference 
of form of the two second terms can only have arisen 
from the using of some other and more tractable em- 
pirical formula for the volume of steam by those 
who originated the French rule. 
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The divergeuce below 20 pounds we do not ooo- 
dder eaeential, whether the calculated formula givey 
too large values or the French one gives too sxnall» 
and we would reooounend for adoption the more 
aimple formula: 

22.5 G 
A= 2^ 

It next remains to show the results of this formula 
when applied to practical cases» so as to see how 
nearly it is corroborated by the use of our American 
stationary boiler-makers. 

We give tables of two pressures — 50 pounds and 
80 pounds per square inch — and for areas of grates 
from 4 to 25 square feet of grate, as follows: 

Artaafor 8qf€ty Yalta for JSolUn vfUh 80 pounds Preuun 
(jiaBO.951), «fMf wUh Orates <ifiHfsrsnt Dimensions. 

Surface of grate in square 
feet 4 C 9 18 16 90 68 

Bstlmated area of safety "- 
valve. 1 l.» ass 8 4 5 tji 

Bstimated diameter of safe- 
ty valye fai nearest whole 
auabers of quarters of 
inoties tH^H ^H ^ ^ ^^ 

Arms for 8<tfdif Yahesfor Boilsrs viith 60 pounds Prsstmo 
(ui=0.884), and with Grates qf difersnt JHmensions, 

Surface of grate in 

square feet 4 6 9 18 10 90 88 

Istimated area of 

safety yalve 1.68 2.88 8.48 4.66 6.06 7.60 8.60 

Bstlmated diameter 

of safety valve in 

nearest whole Ko. 

olqaartenofiM^. IH iH «ii fH ^ ^ m 

We think these dimendons correspond very nearly 
to the practice of all experienced constructors, and 
exhibit at once the usual size of safety valve, and 
that of the main steam pipe, generally employed. 

If we adopt the formula as expressing the proper 
areas of safety valves for stationary boilers, which 
are not prepared to bum upon their grates more than 
eight pounds of coal per hour on the average, we 
heive next to show how it can be applied to other 
With natural draught, the rapidity of 
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combustion depends, in a great measure, upon the 
intensity of the fire, and a maximum rate of 24 
pounds may, and probably does, accompany an aver- 
age rate of 8 pounds of coal per square foot of grate 
per hour; while with artificial draught, or blast, this 
rapidity of combustion is nearly independent of the 
condition of the fuel, and a maximum rate of 24 
pounds will hardly be exceeded with an average one 
of 16 pounds. We think it safe to take this quan- 
tity of 16 pounds average combustion per hour, with 
or by the aid of induced or produced supply of air 
to the fuel (as with jets or by fans), as an equivalent 
to the one square foot of grate surface which we had 
taken as the unit of comparison with the area of the 
safety valve. That is, the area of one square foot 
of grate, wUhovi artificially accelerated draught, may 
be assumed to require the same area of safety valve, 
as the burning of 16 pounds of coal per hour, vriih 
such draught, properly demands. 

As regards those boilei-s which are heated by the 
waste heat of furnaces, or by the combustion of 
waste gases from some processes of manufacture, the 
circumstances are too variable to admit of statement 
in any law, and only the judgment of competent 
mechanics upon the performance of such boilers or 
steam generators, can determine the proper area of 
safety valves for them. 

If the area given by the formula be applied to the 
opening of the seat of the safety valve, it is obvious 
that the vertical lift of the valve must be at least one* 
fourth the diameter, to have the same sectional area 
when open. 

Hence, should any valve be so constructed that 
the range of motion will not admit, when fully 
raised, a lift equal to one-fourth the diameter of the 
opening of the seat of the valve, the sectional area 
actually given between the raised valve and the edge 
of the valve seat should be taken as that to which 
the rule applies. 

And while the formula gives areas abundantly 
large to meet the general resistance to discharge, 
which proceeds from the necessary form of a diiBk 
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resting upon, or placed in proximity to, a seat, w« 
think 'we ought here to state that it is always advis- 
able that the under sides of safety-valve disks should 
have a globular or pointed form (whether with or 
without guide-wings), and not made flat, as thej 
sometimes are, and that the disks be beveled-edged, 
resting upon a very narrow beveled seat, and do nol 
have a flat bearing. It may be well to state, also, 
that, as ordinarily constructed, a safety valve, after 
lifting and allowing a flow of steam all around the 
disk, does not continue to raise and allow all the 
steam, as formed, to* escape at the constant press* 
ure, but admits some elevation of pressure before 
opening wide. With the areas given by the tormula» 
and where the disks have been shaped as we have 
before described, this increase of pressure will not 
exceed 10 per cent of the initial load on the valve, 
and the additional resistance to opening is a safe- 
guard against the too sudden relief of steam, to the 
derangement of the water circulation of the boiler. 

The committee will only add, as regards further 
consideration of the form or description of safety 
valves, and as to legal requirements beyond the ade* 
quacy of the openings, that the subject becomes too 
extensive for them to consider. 

As originally made in the days of Watt — almost 
as planned by Papin — the essential parts of the safe- 
ty valve have substantially remained until this time. 
Ko patent covers its simplicity or improves its cer- 
tainty, although there have been made and used a 
thousand kinds, and there are a hundred existing 
patents. 

It can only be imperfect by palpable misconstruc- 
tion, or unsafe by vicious intent, and we can only 
recommend the defects to competent inspection, 
with power to remedy, and the misuse to the pun- 
ishment of the law. There is very little likelihood 
that a safety valve, properly constructed, and in 
proper hands, would get out of order or fail to act 
at the needed moment. But, on the supposition 
that such a catastrophe might occur, it has beea 
thought by the conunittee, after much deliberation, 
that, in order to divide the small chance for failure. 
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It may be as well to make it a legal requirement, 
that in place of one safety yalve, each and ereiy 
boiler shall have at least two, the aggregate area of 
wfaicli should be that established by the formula. 

These valves ought to be loaded with the same 
load, and* blow off Indiscriminately, so that either 
or both may be in action at once. This plan would 
call for, and insure, more care in graduating the 
loads on safety valves than is at present employed. 
The committee feel Justified in observing that there 
are now in use more safety valves improperly grad- 
uated or marked, than there are those imperfectly 
or unsuitably constructed. Lock-up safety valves af« 
ford but little protection from fraud or over-pressure^ 
and less security, unless frequently tested; and their 
use is decidedly discountenanced by the committee. 
We conclude our discussion of this branch of the 
subject committed to us, by recommending for tfao 
approval of the Institute the following 

8CHBDULB, 

giving the least aggregate area of safety valves (be* 
ing the least sectional area for the discharge of 
steam) to be placed upon all stationary boilers with 
natural or chimney draft Thia area may be ex- 
pressed by the formula: 

22.5 G 
A= 

in whieU 
A,=area of combined safety valve in square inches. 
G=8urface of grate iu square feet. 
j7=pre88ure of steam in pounds per square inch 
to be carried in the boiler above the atmo- 
sphere, as shown by the steam gauge, 
The f ollpwing table gives the results of the form- 
ula for one square foot of grate, as applied to boikra 
used at different pressures: 



nennrs in llis. 
porwi-iaotu 

A««a la ifp tes. 

corresponaing 
toeaeaiqaart 
fO0tof|EvaU. 
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00 
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=0.88 square inch* 
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We give one example of the application of the 

figures given by the table: 

Suppose the boiler to be worked ' 
under 60 pounds pressure, 
then each square foot of grate 
sorface should have an area 
of safety valve, by the 
ble, of 

Suppose the boiler to have 18^ ) _4<% m> 
(|[}uaTe feet of grate surface J — ^^•*' 

18.5x0.88=6.105 square inches area for the safety 

valves. 
This would call for two safety valves, eaeb having 
an area of 8.05 square inches, or a diameter of % inches. 

Where boilers have a forced or artificial draft, the 
combustion of 16 pounds of coal per hour should be 
taken as equivtdent to the ooe square foot of grate 
■urface=G in the above formula and table. 

Where boilers are heated by the waste heat of fur- 
naces, or otherwise than by fire ui)on grates, the 
▼alne to be taken for must be estimated by some 
competent person, based upon the comparative per-, 
formance of boilers with others heated in the usual 
way. 

And the committee would report on the second 
branch of the subject referred to them-^he legal re- 
quirements which ought to be made as to pressure 
gau ges t hat the time allotted to them has Mt per- 
mitted a complete investigation. The great advant- 
age which any of these instruments possess, is found 
in their indicating the pressure of steam withia a 
boiler, so as to allow a fireman to regulate bis sopply 
of fuel with economy. There are many ktadi and 
forms of gauges^ almost every one of which has 
some characteristic superiority over al]« or most other 
kinds and forms, but we do not wish to say that any 
of them are perfectly or permanently reliable. 

And your committee' would ask to be relieved from 

of (he subjects ref ented t^llMun. 
BOBSBV Briooo, 
Couaiajf SBiiXJEMik 
J. Vav«haji MBxncs, 

W3C BABUBflT Is Tidi. 
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8AFBTT YALYB ABBA8. 

The following formulas are in use in different 
countries, and give tlie areas of the safety-valve 
chamber or pipes closed by the valves (not the annu^ 
lor ar^pioe due to the lift of the valve from its seat, 
or its diective area as represented by the notation M), 

NciaMan of LeMeri. 

A=area in square inches of the smallest diameter 

of the valve sit. 
JS=area through which the steam escapes, which is 
equal to the circumference of the smallest di* 
ameter of the valve sit, multiplied by the lift 
h of the valve— A n=M, or (8.1416 h\ 

P=:total or absolute steam pressure in pounds per 
square inch p^l^. 

I>=8team pressure above that of atmosphere^ or 
that shown by the steam gauge. 

^=:weight in a fraction of a pound per cubic foot 
of the steam pressure p (see page 400, Steam 
Tables, " Nystrom's Pocket-Book.**) 

V=steam volume compared with that of its water 
at 82'' Fah. 

H=hight in feet of a column of steam of one square 
foot section, which weight would be equal to 
the steam pressure per square foot, or 144 p. 

Y= velocity in feet per second of the steam through 
the safety valve. 

Q=rarea of the Are grate in square feet. 

a =area of the heating surface in square feet, 
(&9.=pounds of water evaporated per hour, 
«=:coal burned per hour in pounds. 

FrankUn IntHHiie Fbrmtda. 

G22.5 
A= 87 

l^f8.62 

Bule,—l9i, Multiply the area of the lire grate by 
the constant number 22.5. 

9d. Add the constant number 8. 02 to the steam 
pressure in square inches. 

8d. Divide the first quantity by the second. Th« 
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quotient will be the area of the valve sit. Th« 
FraDklin Institute recommends two safety valves for 
each boiler, therefore one-half of the above area will 
be the proper area of each safety valve, at its smallesl 
diameter for each safety valve. 
The French rule is the same as that of the Frank- 

« 

hn Institute, except one or more safety valves may 
beused 

1.2 
A= □ 4)8 . 

P+16 

BuU. — Ist. Add 15 to the steam pressure per 
square inch. 

2d. Divide 1.2 by the first quantity, and multiply 
the quotient by the square feet of heating surface a ; 
the product will be the area of smallest diameter m 
square inches. 

J. TT. Nystrom*i Formula, 
V VG a t 

A= V— a> 

288 p 

BiUe,—l8L Multiply the steam volume V, com- 
pared with that of its water at 82* Fah., and by the 
square root of the area of heating surface in square 
feet, multiplied by the area of the grate surface in 
square feet 

2d. Divide this product by the constant number 
288. 

8d. Multiply the above quotient by the square root^ 
of the quotient of the weight ^, in a fraction of a 
pound per cubic foot of the steam pressure p, divided 
by the steam pressure p; as shown by the steam 
^uge. The quotient will be the area of the snudlest 
diameter of valve sit. 

InOUuU i)f BhigineerB and ShipBuilden in Scotland 

Formvla, 

G18 
A= -80 

P+16 
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n 0.6 
«r A= 81 

iH-16 

jBtt29. ^Multiply the number 18 by the grate sur* 
face in square feet G, and divide this product by the 
•team pressure |^ plus 15. 

Or, If the heating surface in square feet ( d ) exceed 
VUrty square feet per square foot of grate surface, it 
is to be determined by the heating surface. 

RvU. — ^Multiply tlie square feet of heating surface 
a by the number (0.6), and divide the product by 
the Bteam pressure (p) in pounds per square inch, plus 
1& This sum will be the areain square inches of 
each of the valves, two safety valves being recom- 
taended. 

UniUd 8kUe$ Board of SupervigiTig Ifupecfon of 
Steam Vessels Formula. 

A=0.0051bs 

BtUe. — ^Multiply the number of pounds of water 
evaporated per hour by 0.005; the product will be 
the area of the valve sit in square inches at its small- 
est diameter. 

United States FbrmfOa. 

D 

A=^ .Ag 

25 

Bute, — Divide the number of square feei(a)of 
keating surface In the boiler by 85, and the quotient 
is the area in square inches of the valve sit at Its small- 
est diameter. 

IhiglM Fbrmuia, 
6 

A=- m 

2 

BtUe,^¥or boilers with natural draft, divide the 
a%ttare feel oi the fire grate by 2, and the quotieot is 
the area in square inches for the smallest diameter 
of valve sit. 

MoletiDorth's FonmUa. 
A=G0.8.... 84 
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Buie, — Multiply the square feet of fire grate by the 
number 0.8^ and the product will be the square for 
area of valve sit. 

Profe»%OT Eankiru^a F^mmiia. 
A=lb8. 0.006 86 

Bute. — Multiply the pounds of water evaporated 
per hour by the number 0.006, and the product will 
be the area of valve sit. 

Profeswr l%urstan*i IbrmtUa. 
A= 86 

14-10 

a 5 
or A= 

2(iH-lO) 

JMa. — Ist. multiply the pounds of coal (e) burned 
per hour by the number 4. 

Sd. Add the number 10 to the steam pressure (p); 
divide the first quantity by the seoond, and the quo* 
tient will be the area in square inches. 

Or, in second formula: 

1st. Multiply the heating surface ( □ ) by the num* 
ber5. 

2d. Add the number 10 to the steam pressure (p), 
and multiply the sum by the number 2; divide the 
first quantity by the second. 

It will be seen by the following examples that 
these rules and formulas give widely different results r 

Example 22. — ^A steam boiler having 20 square feet 
(G) of fire grate, and 600 square feet ( d) of heating 
surface, carrying p=80 pounds of steam pressure 
per square inch above that of the atmosphere, con- 
■iimlBg esJOO pounds of ooal per hoar, and evap- 
ovallag lbs^s2,000 pounds of water per how. B»» 
fidre4» the area A of the safe^r valvet 

FM. Franklin Institute formula: 



Area A^* 



#4«.« 
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20X22.5 

or, =5 square inches. 

80+8.62 

Second, Plrussian formula: 

1.2 



Area A=r- 



p+14 

1.2 

or, =7.57 square inches. 

80+15 

Third, John W. Nystrom's formula: 

Go IT • 

Area A= Y V V— 

288 p 

280.6^20X000 0.22241 

or, V =5.025 square inches. 

288 80 

Fourth, Institute of Engineers and Ship-Buildert 
in Scotland formula: 

G18 

Area A= 

p+15 

20X18 

or, =3.79X2=7.58 square inchesL 

80+15 

a 0.6 

and A= 

P+15 

600X0.6 

or, =8.79x2=7.58 square inches. 

80+15 

The Institute of Engineers and Ship-Builders in 
Scotland recommend that two safety valyes be fitted 
to each boiler — the same as recommended bj the 
Franklin Institute of Philadelphia. 

F^. United States Board of Superrlsing In- 
spectors of Steam Vessels formula: 

Area A-^).005 lbs. 
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or, 0.005x2000—10 square inchok 
ifiMA. UDited States formula: 

a 
Area A«— « 

25 

eoo 

or, -—-24 square incbefi, 
25 

BittfUh. English formula: 

G 
Area A—— 
t 

20 
or, —10 square inches. 
2 

Mighth, Molesworth's formula: 

Area A--G 0.8 

or, 20x0.8—16 square inches. 

Jfinth, Professor Rankine's formula: 

Area A— lbs. 0.006 

or, 2000x0.006—12 square inches. 
T§fUh. Professor Thurston's foimula: 

e4 



Area A- 



lH-10 

800x4 

or, —13.8 square inches. 

80+10 

n5 

and A— 

2(i>+10 

600X5 
or, —16.6 square inches. 

2 (80+10) 

The following table shows the respective area of 
Sifetj Talve outlets from the boiler in question al 
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different steftm pressures^ according to the practice 
of the English Board of Trade, Institution of Engi- 
neers and Ship-Builders in Sooiland, PrussimhMry 
and the Franklin Institute formula, the latter being 
identical with that in use in France. The Scottish 
engineers recommend that two safety ▼alves be fitted 
to each boiler. The formula gives the area for one 
of these valves^ which, being doubled, gives the pro- 
per area for the boiler, their recommendation agree- 
ing with that of the Franklin Institute that there 
«hall be two or more safety valves for each boiler 
when fired separately. 
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THB FOLLOWING COUNTRIES. 


Brim 


SCOttlSlL 


FrnsslaiL 


Amsbica. 

Fraim Institiiti 


8« 


a 


618 


12 


Q98.ft 


P 


Aa~ 


A« X« 


A= a 


Aa 


s 


lH-15 


P+16 


p+a« 


5 


10 


86 


86 


83 


10 


10 


288 


28.8 


23.11 


15 


10 


24 


24 


19 


dO 


10 


20 4 


20.4 


15.7 


25 


10 


18 


18 


18.38 


80 


10 


16 


156 


11.6 


85 


10 


14.4 


14 4 


10.3 


40 


10 


13 


12.6 


9.25 


45 


10 


12 


12 


8.4 


60 


10 


11 


10.8 


7.6 


55 


10 


10 28 


10.2 


7 


60 


10 


96 


9.6 


6.5 


65 


10 


9 


9 


6 


70 


10 


8.46 


8.4 


5.7 


75 


10 


8 


7.8 


5.3 


80 


10 


758 


75 


5 


85 


10 


72 


72 


48 


90 


10 


684 


6.84 


4.5 


95 


10 


654 


654 


4.84 


100 


10 


626 


624 


4.14 



It will hereafter be shown by the experiments of 
James BrowBlee^ of the Instituticm of Engineers and 
Bhip-Builders, in Scotland, that the Franklin Instf. 
tale formiikw although giving the Tnnllttt area of 
1% at all steam pressures ajbova Vk 
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per square inch, when full open (oii&:quarter the di- 
luneter of Talve outlet), five times that requisite to 
discbarge all the steam generated; the Scottish and 
Prussian rule, nine times; "while by the British form- 
ula it is four and a half times at 25 pounds steam 
pressure, and eighteen times more than is required 
at 130 pounds pressure, and this, after allowing for 
an evaporation of 8 pounds of water per minute per 
square foot of fire grate, which is considerably more 
than IS usually realized in practice. 

So that with properly constructed safety valves^ 
which will rise one-fourth of their diameter by an 
increase of 1 to 5 pounds above the load, there is no 
necessity for the area being much (if any) more than 
one-fifth of that called for by the Franklin Institute 
formula. 

But as boilers ara made of iron and steel — and as 
these materials, like man, wear out — the Franklin 
Institute formula gives ample margin for reduction 
of the steam pressure as the boiler deteriorates with 
age, so by the time the area becomes too smaU, tha 
boiler will have to be renewed. 

DIAMBTBB OF SAFETY YALYBS. 

When the area A is known, the diameter D of the 
Yalve sit can be found by the following formula: 

A 

Diameter D=: V ^ 

0.7854 

.B^.— Divide the area A of the valve by the num- 
ber 0.7854, and extract the square root of the quo- 
tient. 

r 

ABMA OF BAFBfTT YALYB8. 

When the diameter D is known, the area A of the 
Yalve rit can be found as foUows: 

A= 0.7854 D» 88 

^file. — Square the diameter in inches, and multi- 
ply this product 1^ 0.7854. 

In 1874, a moat interestmg series of eqperimeata 
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on safety valves was made by a committee of the In* 
stitation of Engineers and Bhip-Builders of Scot- 
land. A discussion had arisen among the Scottish 
and English engineers relative to the proper con* 
struction of a safety valve, and the rules of the Eog* 
lish Board of Trade as to the areas required and the 
mode of loading the valves. 

In this trial two safety valves only were tested — 
those approved by the English Board of Trade— the 
united areas of which were one-half of a square inch 
area to each square foot of grate surface. The boil* 
er used in this experiment was of the tubular kind, 
and the grate surface was 25 square feet; the heat- 
ing sui-f ace, 746 square feet. The safety valves were 
each 2} inches diameter. The safety valves were 
loaded with weights direct. 

The experiments were made by David Rowan^ 
with steam pressures from 6 to 45 pounds. The ob* 
jeet was to ascertain the increase of pressure in a 
boiler, when all the steam raised was allowed to pass 
away by the safety valves, unassisted at the different 
pressures. The following is the table of results: 
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Weight of 


Pressure 


of Increase 


Valve in 


Steam, 


Steam 1 
at wl 
Valve 
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Pounds. 


of Steam 
Pressure. 


Inches. 


in Pounds. 
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5 


13 


160 


0.325 


8.89 


10 


19 


QO 


0.255 


3.223 


15 


25 


66 


0.18 


2.68^ 


20 


80 " 


60 


0.16 


2.676 


25 


86 


44' 


0.1425 


2.7 


80 


40 


83 


0.1262 


2.58 


85 


44 


25.7 


0.1125 


2.466 


40 


48i 


21 


0.103 


2.487 


45 


62 


15.5 


0.097 


2.41 



With flat-faced valves, according to the Eii&rlish 
Board of Trade rule, half of one square inch of area 
per foot of fire grate: 
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Tlie weiefat of tieani its 

%\> 

But tlie Talve sits being bevel to an angle Of 45' 



W= 



^8 P A 'VVeight of steam discharged per minute 
2.8 D P^*^ square foot of fire ^ate. 



The guides, or wings, of the valve would reduce 
the clear opening by full one-ninth, for which no 
allowance has been made in the above. 

James Brownlee, one of the committee of the In- 
stitution of Engineers and Ship-Builders, in Scotland, 
in his experiments on safety-valve openings, foilud 
that with a square-edged entrance, the flow of steam 
was reduced from 12 to 14 per cent. The safety 
valve, as generally made, cannot be consideired as 
presenting a much better entrance to the steani thau 
a square-edged orifice. In making this 14 per cent 
allowance, the weight in pounds of steam discharged 
per minute per square inch of opening, with square- 
edged entrance, corresponds very nearly with three- 
fourths of the absolute pressure in the boiler, as long 
as that pressure is not less than 25.87 pounds: Ex- 
amples of this are shown in the following tabic: 



Absolate 
Pressure in 
Pounds per 
square hicb. 


Weight ais- 
cbar(j;ed per sq. 
inob of orifice, 
with rounded en- 
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minute. 
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of Absolute 
Pressure. 


PH-15 
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25.37 


22.81 


19.6 


19 


80 


26.84 


28 


22.5 


40 


85.48 


80.8 


80 


45 


89.78 


84.2 


88.8 


60 


44.00 


87.9 


87.6 


$0 


82.59 


46.2 


45 


70 


61.07 


02.8 


52.5 


7S 


65.^0 


56.1 
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80 


77.94 
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19 
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The area of opening requisite to the discharge of 
any giren constant weight of steam, it will be ob- 
served, is very nearly in the inverse ratio of the 
pressure. Thus, while 8 square inclies of opening, 
with square-edged entrance, will discharge 8x23=69 
pounds weight of 80 pounds pressure per minute, 
1 square inch of opening will discharge 67 pounds 
per minute of 90 pounds pressure of steam. 

The quantity of heat, however, requisite to gener- 
:ate (rrom water at 100°) 67 ix>und8 weight of steam, 
at 90 pounds pressure, is only 1 per cent less than ia 
required to evaporate 69 pounds at 80 pounds press- 
ure. The boiler which will generate 69 pounds of 
steam per minute at 80 pounds, cannot, therefore^ 
possibly generate more than 67.7 pounds at a press- 
ure of 90 pounds; but many experiments on record 
seem to indicate that the deficiency at the higher 
pressure is more than ten per cent. 

In ordinary marine practice there is not often 
more than 20 pounds of coal consumed per hour per 
square foot of fire grate, and the water evaporated 
seldom exceeds 9 pounds per pound of coal, which 
corresponds to 180 pounds per hour, or an evapora- 
tion of 8 pounds per minute per square foot of fire 
grate. Under these conditions, the area of the open- 
ing requisite to discharge all the steam a boiler can 
generate, coiresponds to four times the square feet 
of fire grate, divided by the absolute pressure (p-\-lS), 

4G 

or A=— 



p+16 



JitUe, — 1st. Multiply the square feet of the fire 
grate by the number 4. 

2d. To the steam pressure add the num- 
ber 15. 

8d. Divide the first by the second, and the 
quotient will be the area in square 
inches. 

The English Board of Trade allowance is half of 
one square inch area of safety valve for each square 
foot of fire grate. Hence, the lift of valve is proper- 
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tioDal to the diameter, and, inversely as the press* 
ore. For a discluirge of 8 pounds per minute per 
square foot of fire grate, the requisite lift in inches 
is twice the diameter of a (flat-faced) valve, divided 
hy the absolute pressure. This, however, does not 
apply to pressures less than 25 pounds (10 pounds 
per gnuge, plus 15). 

Take, for example, a safety valve 6 inches in di- 
&meter=19.6 square inches in area, wliich corre* 
spends to 2x19.6=89.2 square feet of fire grate, 
which would evaporate 89.2x8=117.6 po:iiids of 
water per minute. Then, since the area A in square 
inches requisite to discharge any weight 10 in pounds 
of steam per minute at the pressure p+lQ, is 

4 10 
A=- 



Z(p+15) 



We would have, by taking the pressure p=45, and 
the weight 10= 117. 6, the area 

4X117.6 

A= =2.61 square inches, 

8 (45+15) 

which coiTesponds to the opening of a flat-faced 
Talve, 5 inches in diameter, when lifting. 

2X5 
Lift h^ — =0.1667 
60 

The circumference of a 5-inch valve being 15.7 
inches, and 15.7X0.1667=2.61 square inches of open- 
ing, as stated. 

When the angle of sit of the valve is 45*, the lift 
required in inches is 

2.8 D 

Lift A= 

When a boiler is regularly fired, and all the steam 
generated discharged through an ordinary safety 
yalve, under a succedsiou of different pressures, the 
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lift of Talve, multiplied by these absoltite preasare^ 
thou Id be a constant quantity, proyided the same 
quantity of beat is constantly entering the boiler, and 
provided, also, that the absolute pressure in the boil- 
er, or tlie pipe below the yalve, is not less than 1.7!^ 
times the absolute pressure of the steam in the cham- 
ber above the valve. In actual experiment a defi- 
ciency is generally manifested at the higher pressures. 
Hence, the suspicion of some considerable loss of 
heat at the higher temperatures. It has been sug« 
gested that this might be accounted for by the low- 
pressure steam carrying water along with it — retard- 
ing its motion — and thereby requiring a larger open- 
ing; but this would only aggravate the case, since 
the same opening will permit of a much larger quan- 
tity of heat being discharged from the boiler with 
wet than with dry steam. This phenomenon may 
be suggested as one worthy of further fnvestigation. 
According to the Prussian law, and allowing 86 
square feet of heating surface per square foot of fire 
grate, the area A of safety valve is 

86 G 
A=- 



p+15 



A valve of this size, when full open, is' capable of 
carrying away nine times the quantity of steam gen- 
erated at the pressure p-f-15, and therefore will, at 
the designated pressure p-\-\^t be able to discharge 
all the steam by lifting Vae P^i't of its diameter. 

At absolute pressure of (ST-^-lS) 72 pounds, the 
British and Prussian laws prescribe precisely tlie 
same area of valve. Take, for example, 20. 86 square 
feet of fire grate, which requires, by British rule, a 
valve 10.18 square inches in area, equal to 8.6 inoheA 
diameter, and which, if flat-faced, would, at a press- 
ure of 72 pounds, require to lift 

2X36 

*= =Vm of an inch. 

72 

IHM, liy' Hie Prussian rule, Ihe avear ef ^raOM li, 
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for 20. S6 square feet of grate and 73 pounds absolute 
pressure, 

86X20.86 

A= =10.18 square indies, 

72 

equal to 3.6 inches diameter; and ^e requisite lift is 
<diameter 8.6) as before: 

3.6 
A= — =Vio of an incii. 
36 

The circumference of this valve being 11.31 inches, 
would (if flat-faced), by lifting ii=Vio of au inch, 
give a clear opening of 1.131 square inches, which 
would, at 72 pounds absolute pressure, discharge 
1X72X1.131=61.07 pounds of steam per minute, 
and which corresponds to 3 pounds per square foot 
of fire grate— as 20.36X3=61.08. 

At absolute pressures of 36 poimds, the Prussian 
law prescril>e8 double, and at 144 pounds only half 
the area of the British. 

At all pressures above 1.726 atmospheres, the area 
of valve, when full open, by Prussian rule, is nine 
times that requisite to discharge all the steam gener- 
ated, while by the British rule it is four and a half 
times at 86 pounds pressure, and eighteen times more 
than is required at 144 pounds absolute pressure; 
and this is after allowing for an evaporation of 8 
pounds of water per minute per square foot of fire 
grate, which Is considerably more than is usually 
realized in marine practice. 

Before the ordinary valves rise and give sufficient 
opening* the pressure of steam frequently greatly 
exceeds the load under which the valve begins to 
rise. Hence, the requirement of large areas. With 
a properly-constructed valve, however, such as many 
DOW in use, which rise one-fourth of their diameter 
hy an increment of 1 to 8 pounds above the load, 
^ere Is no necessity for the area being much (if any) 
more than one-ninth of that prescribed by the Pnal- 
aian rule. 
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Say, area A=r plus the area of viDgs of Talves. 

p+16 

The valves here referred to are so very small that 
the stems, or wings, occupy a considerable propor- 
tion of the area, and must, in the above equation, be 
allowed for. These small valves give much more 
prompt relief to the boiler, and never permit the 
pressure to rise much beyond the load. 

FBIZB FOB SAFBTTYAI^VE COMPETITION. 

The editor of the Nautical Mdgcusine, London^ 
England, in March, 1872, offered a reward of £100 
(|500) for the best 8-inch spring safety valve suit^ 




JFig, 19,^The Moehford Safety Folve. 

mble for high-pressure marine boilers. There were 
five safety valves entered for trial. The boiler upon 
which they were all tested, under the conditions of 
the trial, was 88 feet long, 7 feet 3 inches in diame- 
ter, of the Lancashire type, having two internal flues 
mbout 82 inches diameter each, inside, in which the 
fire grate was placed, as in marine boilers; the total 
area of grate surface was about 80 square feet. 

The Rochford safety valve (Fig. 19) was awarded 

the prize. It will be seen that it has a projecting 

lip A, and the spring is enclosed in a case B, which 

can be filled with oil, if desired, for the preservation 

f the spring. 
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The editor, commentiDg on the trialst saya» doI- 
withstanding its absence of noTelty, it would ^pear 
that an ordinary simple valve, well made, with true 
and narrow seating, and long feathanA wingt, mov- 
ing freely in a long, truly-bored guide, meets the 
practical requirements so far as the valve and Its 
seating are concerned. 

For the loading of a spring valve, it would appear 
that a light, direct spring, with great range of elas- 
ticity, no friction, and a minimum amount of iner- 
tia, are the best means. These essential and suffi- 
cient conditions imply no novelty, and no delusive 
ingenuity. 

In the trials, the valves were set to blow at tO 
pounds per square inch, and the result was in favor 
of the Rochford safety valve. The umpires say, in 
their general remarks: " We could not raise steam 
above 68i jwunds pressure by this valve. Reduced 
boiler pressure; stopped blowing off at 00 pounds 
exactly.** 

One of the umpires remarked that he tbouglit the 
Board of Trade were right enough in not adopting 
any of the spring safety valves yet put forward; but 
he could not agree in any condemnation of the spring 
principle, though he did not himself, as at present 
minded, like it as well as the dead weight; and he 
added, that if a more reasonable area of valve were 
asked than half an inch to the square foot, it would 
be hard (while lock-up valves are asked) to beat the 
old dead- weight system. The steam that is wasted 
in rolling, is, he said, nothing to that wasted in the 
continual leakage, rolling or quiet, from the huge 
valves which he appears to think are required by 
the Board of Trade. 

It would appear, from the remarks of tliis umpire^ 
that efficient, small, dead-weight safety valves axe 
required, rather than ordinary valves spring-loaded. 

The results of these trials seem to confirm the con- 
victions of the arbitrators that a safety valve can 
hardly be too simple and direct in its action and ar- 
rangement 

During the year 1874^ the Glasgow engineers ap- 
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pointed • eommiuee to ioTestigate the nbjeci of 
nafeijr f«lv«ib In Jamiary, 1875, they esme to ta 
agreanmit mi eeitaaa racommendatioBA. A differ- 
enc» ol #^iop OB • cerUiA "pop" TalYV kad d^ 
Uyed «B earlUr acquteacence. 

Tlp0 editor of the NmOkaX Matgattins, aeciBg tiuH 
Ilia efforts in 187^74 were attended with very aoc- 
f-earf id Msnifts in caUkig into existence and competi- 
tioo m»mj useful safety yaives, and seeiDg that by 
ibe exerti«)Bs of ihe Board of Trade officers Teiy 
raueh useful iaformation and accurate knowledge 
l»a» iiwe been disMminated and fully confirmed by 
ilie experiments afterwards made by the Glasgow 
eBgHieep% and ^sewhete, it has occurred to the pres- 
eHi edMfOt tbat he may be successful in calling: forth 
further ^lent talent, and stimulating invention, hj 
offeriug a further prize. 

Eiglll safety vaWes entered for the editor's psm 
of &IBO (fit $500), and Fig. 20 shows the safety 
valve, Yena Contracta, for which the prize has been 
awardeiil. Owing to the sad death of the secretary 
of the Committee of Umpires, the details of the test 
CinnellMir given, but the following details concern- 
ing the performance of the successful valves are 
stated. 

OondiUons of the Tea. 

Diameter of valve in inches 8 

Diameler of waste pipe in inclies 8 

Area of fire grate in square feet U 

Bate ^f combustion per square foot of grate 

per hour in pounds 20 

Rate (rf evaporation per pound of coal 8.75 

Temperature of feed water (constant) in de- 
grees lOQ 

Temperature of waste gases in smobLe box. . • .670 
Steam pessure at which the valve was loaded^ 

in pounds $q 

Steam pressure in box above valve while blow- 
ing, in pounds 4 

Steam pressure in waste pipe 4 feet above the 

valve, in pounds , g 

i-^tMA of te8t» in hours '.* ' j 



ri' 



ri* 
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Tbe whole of the steam generated had to paw 
through the valve, and tbe following is the result: 
One gauge, showing 60 pounds per square inch, the 
Talve went off. Tlie gauge instantly stalled to go 
gradually back \o 59.4 pounds, when the valve 
closed tight, the time occupied being 13 seconds, and 
the mean difference between the greatest and least 
8team pressure being 0.6 of a pound (there being no 
accumulation whatever). The valve repeated this 
^cle of operation, during the hour's test, with un- 
Tarying regularity of pressure and time. The lime 
was taken simultaneously by all the arbitrators from 
a 15-iuch diameter dial clock, fixed on the wall, 
having a second hand moving around its periphery, 
and they were unanimous in awarding tbe prize to 
Yena Contracta, which has since been claimed as the 
Talve of Thomas Adams, of Manchester. 

A trial of safely valves was also made in 1874, be- 
fore the chief surveyor of the Board of Trade and 
the chief of the Marine Department of England, to 
test the proper ai^ea to relieve boiler pressure. Tbe 
first trial was on a marine tubular boiler of the fol- 
lowing dimensions; Diameter, 9 feet 9 inches; length, 
19 feet 8 inches, with four furnaces 7 feet 8 inches 
long by 2 feet lOi incbes in diameter, wiih a total 
grate surface of 75 square feet, and 2,800 square 
feet of heating surface. 

This boiler was fitted with two ordinary safety 
calves, 6 inches in diameter, having a total area of 
about 89 square inches, and loaded to 60 pounds per 
square inch pressure by direct weight — in the aggre- 
gate 2,840 pounds. 

An improved valve was also placed on this boiler, 
having a diameter of 2^ inches, with an area under 
4 inches, and loaded by direct weight to 60 pounds 
per square inch. The total weight on this valve was 
under 200 pounds, and the valve relieved the boiler 
of all the steam that could be generated, as the foU 
lowing will show: At the commencement of the 
trial the hight of the water was 5 inches in the gauge 
glass, the pressure of steam was 48 pounds, the fires 
veiy strong, and forced in a similar.manner to steam- 
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log at full speed. When the steam had risen to 60 
pounds, the valve began to rise and steam to escape;, 
three minutes after the pressure was 51 pounds, and 
the valve was full open — namely Vi« ^^ ^^ inch. 
After another period of two minutes, the hlght of 
the water in the glass was Z\ inches, and the. pressure 
of steam 52^ pounds; after another period of five 
minutes, the hlght of thd water was 2 inches in the 
glass, and the pressure of the steam 56 pounds per 
square inch; after another period of five minutes,, 
the hlght of the water was one inch in the glass, and 
the pressure of steam still at 56 pounds; after an- 
other period of one minute, the engines having been 
moved, the pressure was reduced to 51 pounds, and 
the valve began to close, and as the ship was obliged 
to move, the steam was let into the engines, when at 
49^ pounds the valve closed. The fires were forced 
during the whole period of the trial with the boiler 
feeds, and all connections shut off; the water was- 
steady in the glass gauge, and no water escaping by 
the waste steam pipe. 

The next experiment was on the same boilers witl» 
the ordinary valves, being two of 5 inches diameter 
each, equaling a total area of 89.26 square inches,, 
loaded by dead weights of 2.855 pounds to a press- 
ure of 60 pounds per square inch. The steam rose- 
until these valves began to blow at 60 pounds; tho- 
fires were then forced, to get as much steam as pos» 
sible, and at the end of 11 minutes (at which time 
the engines commenced to move again) the Bteaia 
had risen to 68 pounds. 

From the above two experiments, it would appear 
that a 2i-inch valve is hardly large enough to dis- 
charge all the steam that this large boiler was capa- 
ble of generating, at a pressure of 50 pounds; but at 
60 pounds it possibly would, for, during the last five: 
minutes, the fires were, if anything, better than at 
first, and the steam remained at 56 pounds for fif» 
minuU9, The small range of pressure between that 
at which the valve lifted /uS open, and that at which 
it closed altogether, is worthy of remark. 

A further trial of the same 2i-inch valve was madd 
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on another marine tubular boiler, 13 feet 6 inclMB III 
diameter, 10 feet 8 inches in length, with three fur- 
jiaces 6i feet long by 84 inches in diameter, having 
4 total grale surface of 46| square feet. This boiler 
iraa fitted with two ordinary safety valTes of 8|^ 
inches in diameter each, baring a total area of about 
.138^ square inches, and loaded to 70 pounds pressure 
by levers and weights. 

The improved vulve was loaded, by direct weights, 
to 60 pounds per square inch, and relieved the boil- 
er, as the following table will show : 



P.X. in pounda. 

'1 rial commenced .2.35 

Valve began to lift 2.87 58^ 

2.88 50 

Valve blowing freely 2.40 60 

Pull open 2. 45 61 

2.50 62 

2.55 62 

2.80 68 

The fires were in proper order during the trial, 
<:lear steam and no water escaping from the waste 
«team pipe; but the hight of the water was not taken 
■on this trial, as it was not steady in the glass^ doubt- 
less caused by the lK>iIer having been filled witk 
<lirty water from the dock. The lift of the valvs 
<iuring this trial was regulated to Vit of an inch, 
pi-eviously to the commencement of the trial. It 
will be obscnred that, on the previous trial, the lift 
was regulated to Vie of an inch. 

A third trial, on the same boiler, at a reduced press- 
ure of 60 pounds, was made to test its rising and 
falling properties, when it was found that the valve 
bad risen to the regulated lift of Vie. at a pressura 
of 52^ pounds, and when the pressure was reduced 
to 47f pounds the valve hnd closed. 

These trials were witnessed by Mr. Traill, chief 
surveyor to the Board of Trade, and Mr. Bissel^ a8> 
distant principal surveyor for Liverpool. 

The editor of the Nautical Magcudns says that tlM 
trials of safety valves for the prize of $500, shew 
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eonclnsively that a long spriog, which is nobody's 
patent, is the best sort of spring if a spring is to be 
used at all; and the trials of the improved safety 
TalTe, as before stated, go far towards proving that 
a single 2^inch safety valve is almost sufficient, 
when properly constructed, to relieve a 100 liorse* 
power boiler of four furnaces, with hard firing. 
The valve may be loaded wiih anybody's spring, or 
with dead weights, as the fancy of the ship-owner 
may elect. We cannot, of course, expect the Board 
of Trade to allow at once a solitary 2^ inch valve to 
take the place of two 5 inch valves on a large marine 
boiler, as such a proceeding would l)e in direct vio- 
lation of established engineering practice; but we 
venture to suggest to shipowners that they might 
reasonably ask the board to allow, by way of experi- 
ment, two 2^inch improved valves on boilers of lOO 
horse-power and upwards, in order that the experi- 
ments we have been at the pains to witness and record 
may be repeated and verified. 

From the examination of the improved valve (Sam- 
son and Parker's), and the results of the trials, it 
would appear that this valve has done its work suf^ 
ficieutly well to warrant us in expressing a belief 
that two valves would be ample to relieve a boiler 
of 100 horse -power. We should remark, that thia 
valve has no rubbing or bearing surfaces beyond 
what is necessary for a common valve, and appeara 
to be &s simple, and as easily kept in repair, as a 
valve of the common kind of the same diameter, and 
certainly much easier than the 6 or 8 inch common 
safety valves now in use on some high - pressure 
boilers. 

If this improved valve can — as we say it can— de 
the whole work with such a remarkably-diminished 
area, then it is doubtful whether dead weights will 
not be better than springs. 

SAVETT-YALYB LIFT8. 

The hight of the lift of a safety val^e governs the 
diameter of l he valve. To find the lift, we mui* 
know Hie wefght of steam (wnter) in poitDds which 
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^iU escape through an orifice in the boiler haying 
■an area of one square inch. This in ordinary prac- 
tice, is very nearly fifty times the pressure of the 
«team measured from the absolute zero pressure. 
The area of opening, therefore, for any boiler must 
be, in square inches, the weight of water evaporated 
per hour as a maximum, divided by fif ly times the 
absolute pressure. 

The absolute steam pressure above vacuum is the 
«tearo pressure as shown by a steam gauge, plus (-{-) 
the pressure of the atmosphere, which is on an aver- 
4ige 15 pouuds (147 pounds exact) per square inch. 
The formula will be as follows: 

lbs. 



50 (i?+15) 

Where jE=the effective area of outlet. 

^=steam pressure as shown on steam gauge, 
lbs. = pounds of water (maximum) evaporated 

per hour. 
15=pouuds average atmospheric pressure. 

BvlU, — 1st. To the steam gauge pressure add 15; 
multiply this sum by 50. 

2d. Divide the number of pounds of water evap- 
orated per hour by the product of the first, and the 
quotient will be the effective area (jE) in square 
inches. 

Example. — A boiler evaporating 600 pounds of 
water per hour, what area of opening should the 
sarety valve have, so that the steam pressure shall 
cot exceed 80 pounds per square inch on the steam 
gauge? 

lbs. 

By formula: jE= 

60(p+15) 

600 

JE= =0.126 square inchei, 

50^80+15) 



or. 



Pressure per steam gauge 80+15 X50=4;760. 
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600 



4^750 



=0.126 square inches area. 



United States Btde, 
Board of SupenrisiDg Inspectors of Steam Vessels. 

^=D-Hh-2x8.1416x«-0.29. 
I=lirt of valve, in huiidredihs of an inch. 
D=diameter of valve, in inches. 

• 

BtUe. — Ist To the diameter of the valve add one* 
half the lift. 

2il. Multiply this number by 8.1416, and the last 
product by 0.71 of the lift, for the effective area. 

The conditions incident to this rule are: Diameter 
and lift are given ; angle of inclination of valve sit 
must be 45° to the center line of its axis; valve must 
not rise out of its sit, or above a line perpendicular 
to its angle of inclination, and meeting the upper 
edge of the sit and the lowcv edge of the valve. 
When a valve rises above a line perpendicular to its 
angle of inclination, the amount of area so obtained 
is found by the following rule: 

BtUe 2. — Multiply the diameter of the valve by the 
additional lift, and by 8.1416. Add this last pro- 
duct to the first, for the wliole effective area. 

in case the sit of the valve is flat, at an angle of 
inclination of 90° to the center line of axis, the ef- 
fective area is found l)y Rule 2, leaving out the word 
'' additional" and the last clause of the rule. 

Rule 1 bused upon the formula applied to finding 

the surface of a frustum of a cone, the upper base of 

which is equal to the diameter of the valve, the 

e lower base equal to the diameter plus (-{-) the lift of 

•the valve, and the slant hight equal to 0.71 of the lift. 

In the trials made at the Washington navy yard, 
September, 1875, it was found: That the diameter 
-of a safety valve is not an infallible test of its effl- 
•ciency ; that the lift which can be obtained on a 
safety valve, other conditions lieing equal, is a test 
, <Qf its efficiency; that the lift of a safety valve de- 
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pends upon the Telocity and weight of tlie escaping 
ateam ; that two-tentbe of one inch is the maximum 
lift to be obtained on a common lever safety valve. 

In these trials, it was found that two-tenths of an 
inch was all that any of the valves could be forced 
ffom their seats without a considerable increase in 
the pressure, equaling, in the case of a valve with an 
area of 5 square inches, at 10 pounds pressure, 110 
per cent excess. To get any considerable increase 
in the lift, it is necessary to increase the pressure in 
a greater ratio than that of the lift. This is but 
reasonable to suppose, when we consider that as soon 
as a valve begins to leave its sit new conditions are 
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introduced. The high velocity with which the 
ateam escapes reduces the pressure at and near the 
orifice of escape, and its dynamical effect upon the 
increased area of the valve is not that due the press- 
ure when acting upon the valve at rest. 

Thomas Adams, of Scotland, constructs a vahre 
With a projecting lip A, as shown in Fig. tl. By 
applying steam gauges at the points shown on tim 
the sketch, he observed that they gave the indicated 
teadings at the time the valve opened, and that fheik 
the pressure began to lower, around the valve first, 
and lastly in the boiler, When the valve suddenffy 
^osed. 

In the i»vy yard trials, six Safety ▼afvea were «^ 
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perimented on, and all of them, with tiie exception 
oi the one with an area of 6 square inches, at the 
pressures of 10 and 20 pounds, afforded sv^cient 
effective areas to discharge the weight of ste^m gen- 
erated, and by the following comparison it will be 
found that the lifts and areas of the several valves 
decreased from the lowest to the highest pressure in 
nearly an exact proportion, the difference being less 
than one per cent, viz. : 

Decrease of lift from 

5-inch, 10 to 100 lbs., 75— ef areas 76-^ per cent. 

tt 

«< 

41 
«« 
«( 

The committee found that when very large valves 
of the common form were used, their action was not 
satisfactory, as at high pressures the lift is ^parcely 
noticeable. It was found that no practical results 
could be obtained on the experimental boiler by go- 
ing above 80 pounds pressure with the larger valves. 
On a trial of the valve with 80 square inches t^'ea at 
100 pounds pressure, it hardly rose at all from its 
sit, but appeared to UU, alternately from one side to 
the other, sufficient to allow all the steam tp escape 
that the boiler was capable of generating. It was 
also found that the lift of the valve of 80 square inch 
area, at a steam pressure of 80 pounds, was only 
0.02 of an inch. 

Fig. 22 represents the lever safety valve used in 
these experiments. This safety valve was carefully 
constructed, with knife-edges for the fulcxum and 
valve stem, as shown in the figure. It was found, 
in experimenting with these safety valves, that the 
lift decreased as the steam pressure at whiclji the 
valve was loaded was increased ; and by takniig ^ese 
areas of opening, the committee arrived at |t>e fol- 
lowing rule for calculating the area of ppening, ^l 
square inches, required to discliarge a giv^ li«ight 
of steainpeshour: 
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Let ^=efFeciIre area in square inches. 

llje.=puuDdB of water evaporated la one hoar. 

Then, at a el«ain pressure of 

10 pounds per square incb, JE!=]b8. 0.0011 
M=nya. 0.00:0 
.£=11)8. 0.000ft 
.*;=Ib8. 0.0008 
-*;=lb«. 0.0007 

j:=ib8. 0.0008 

^=ll». 0.0008 
.*;=Ib8. 0.0004 
M=\]y». 0.0008 
.£=lbe. 0.0003 



The committee tnj that in the armngement of 
aafetr valves for any lioiler, or set of boilers, that a 
number of ssfelj vhIvcb are preferable to one with a 
large area; and tbey ilo not believe it edvisable to 
employ a common lever safely valve, with either a 
beveled or flat sii, of more than 10 square laches 
area fsay, 3.S Inches dinmeter). According to theit 
experinieiils, the lifts of the lever safety valve, when 
discfanrging at different preasurts, two 8.6 Inches 
dla TM te r valves will discharge /our Ou/uiand poimdi - 
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of steam (water) in one hour, at all steam pressures 
from ^ to 100 pounds per square inch; and from 
which the committee derived the following rule for 
calculutiug the area of valve that will give the re* 
quired area of opening for any particular case: 

Multiply the number of pounds of water evapor- 
ated per hour by the number 0.005; the product will 
be the area (A) of the valve in square inches. 

The Scotch committee recommend that the lift of 
the valve in all cases will be equal to their diameters 
divided by the constant number 86. 

THB BEST FOBM FOB ▲ SAFETY VALVE. 

A safety valve, when raised, presents a greater 
area to the steam pressure than when closed. Hence, 
it would be expected that it would open wide, 
due to the action of the steam pressure on this in> 
creased area. But in practice this is found not to 
be the case; all experiments show that the common 
lever safety-valve lift is very small when the press- 
ure for which it is loaded is reached. At the Wash- 
ington Navy Yard experiments it was found, as be- 
.fore stated, that two-lenths of an inch was the maxi- 
mum lift on the common lever safety valve. 

The committee made trial of twenty two safety 
valves sent to be tested ; but twelve of them passed 
a full trial, with two common lever safety valves 
furnished by the committee. From the experiments 
made, it was found that the patent safety valves 
with larger areas of openings than the common lever 
valves allowed the preifsure to increase full as much 
as the latter. This was, no doubt, due to the com- 
plicated forms by wliich the excessive lift was ac- 
complished, and made it more difficult for the escape 
of the steam, rendering it necessary to have larger 
openings for the same weight of steam. The results 
with the same valve showed great variation in some 
of the trials. The excessive difference was due to a 
proper adjustment, and when properly adjusted the 
best results were obtained. Tliis was the case with 
both the special and common lever forms. 

During these experiments, it was noted that with 
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1 lever form of valves, wben the valve 
opened, Ihe pressure gradunllj iDcreased lo the maxi- 
mum wben the boiler was forced; and when tho 
preBBure began to fall, they closed at the points in- 
dicated, lu the case of alt the special fortn of 
Talves, arter the vbIvc opened, Ibe prearore fell be- 
low the opening point, Ihe valve sometioies clos- 
ing several times, and the pressure tailing below the 
opening point several timos dui'ing the dnralion of 
\be trial, and sometimes the pressure immediatelj 
fell and the valve blew off at a pressure less than 
that at which it was set during the wliole trial. 
The following table gives the results of the differ- 

LOAJDED TO OPEN AT SO FOUKD8. 



LOADED TO OPBN AT 70 FOUNDS. 



BEST FORM FOB A SAFETY VALVE, 8S 

tent valves which passed a full trial->12 in number. 
£ach safely valve was in turn attached to the boilel', 
and was loaded to blow off at 30 pounds steam press- 
lire, and was operated for ten minutes, with a strong 
fire in the boiler. The steam pressure was then in- 
creased to 70 pounds per square inch, and the ex* 
periment repeated. 

It will be seen from the above table that the patent 
safety valves, with larger areas of openings than the 
common lever valves, allowed the pressure to in- 
crease fully as much as the latter. This was, n^ 
doubt, due to the complicated forms by which the 
excessive lift was accomplished, and made it more 
difficult for the escape of the steam, rendering it 
necessary to have larger openings for the same weight 
of steam. With the same valve, where the table 
shows considerable difference, the results were due 
to a want of proper adjustment of the valve, which^ 
when remedied, the best results were obtained. 

With the common lever safety valves, when the 
valve opened, the pressui-e gradually increased to the 
maximum when the boiler was forced, and when the 
pressure was allowed to fall, it closed at the points 
indicated. With nearly all the other valves, how- 
ever, after the valve opened, the pressure fell beloW 
the opening point, the valve sometimes closing sen 
eral times, and the pressure falling below the open- 
ing point several times in the course of a ten minutes' 
trial; and sometimes the pressure fell at once, add 
the valve blew off at a less pressure than that el 
which it was set during the whole trial. This pecu- 
liarity is important and not a desirable feature in a 
safety valve, and the records of these trials fully con- 
Arm the opinion of engineers generally that the com- 
mon lever safety valve, when properly made, is not 
excelled for the relief of the excess of steam pressure 
in a boiler. 

It is a paradox, that a safety valve at a high steiA 
pressure will lift less in hight than at a lower press- 
iBire. This is due to the well-knuwn fact that thi 
greater the pressure the greater (he velocity at whick 
the steam will flow through an orifice Of given slaei 
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the high Telocity of the steam immediately under 
the valve will, by the temporary reductiou of the 
volume there, and tLe consequent reduction of local 
pressure, cause the valve to sinl^ lower before find- 
ing a position of equilibrium. (See tables of the ex- 
periments at the Washington Navy Yard). The 
area of opening of the Crosby safety valve, at 80 
pounds steam pressure, was 1.257 square inches, and 
at 70 pounds, 0.729 of a square inch, being 0.528 of 
a square inch difference. With the common safety 
valve at 80 pounds pressure, the area was 0.929 of a 
square inch, and at 70 pounds pressure 0.633 of a 
square inch, being 0.296 of a square inch difference. 

In the report on safety valve tests, made in 1875 
at the United States Navy Yard, Washington, D. C, 
by a special committee of the Board of Supervising 
Inspectors of Steam Vessels, it is stated that an ordi- 
nary disk valve with a beveled sit, having an area 
of ten square inches, will discharge two thovsand 
pounds of steam in an hour at all pressures from 20 
to 100 pounds per square inch. 

The following rule for determining the size of 
safety valves is deduced from these experiments: 

Multiply the weight of waiter, in pounds evaporated 
in one hour, by 0.005; ^ rewU is the area of the 
valve disk in square inches. 

It is likewise recommended that the area of safety 
valves should not exceed 10 square inches, and that 
several valves be employed when a larger area is re- 
quired for a boiler. 

These experiments proved that the ordinary disk 
valve is not only the simplest in construction, but 
the most reliable in its action and least liable to de- 
rangement. Disk valves are made either with a 
conical or with a flat sit. It is claimed for the lat- 
ter, that they are less liable to stick, and that they 
present a larger opening, with the same lift, than 
the former. On the other hand, it is objected that 
it is more difficult to keep them tight, and tliat the 
steam escapes with greater difficulty through their 
opening, since it has to make two abrupt changes in 
fUredion. When a wide bearing smf aoe is given to 
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flat-faced valves, the; are apt to have a trembling, 
vibratory motion when lliey are discliarglug Bteam. 
Conical valves are moBt luually employed, the 
bevel of their seat ronning nn angle of 4S'. Willi a 
narrow face, the valve is more easily kept tigbt and 
the steam escapes with greater ease than wiUi a wide 
face. Some authorities claim that a width of one- 
sixteenth of an inch is suiBcient for tUe sit of a coni- 
cal vulve 4 inches in dismeter. The valve and eit 
Bre generally made of composition melal. In Bome 
of the patent valves the bearing surfaces are formed 
bj nickel rings let into the valve and Bit 



The valve is guided either by wings attached to 
the disk below its sit, or by a central spindle work- 
ing in a sleeve. The opinions of competent engi- 
Deere differ aa to wliicli of these two devices for 
gnldlog the valve t» preferable; both aie liable to 
ctuae the valve to slick when tliey are fitted too cloee, 
in consequence of the lodgment of dirt or scale, or 
of unequal expansion when steam is raised quickly. 

To prevent the caoting of the valve in consequence 
ef the oblique llirust thrown upon it by the lever a* 
it lifts, the central spindle npon which the lever 
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leatB it eflMi detached from the valve dlak; the Ut< 
ter ia hollowed out on the top, so that the polDl 
where the spiodle rests upon the valve lies below 
the valve Bit (see Fig. W). When this spindle is 
figidly attached to the valve disk, it is coonected 
With the lever by means of a abort link. The plna 
or bolls of the BTticulatedJoints or the lever aod link 
are often made of composilioa, to leaaea the liability 
tA their becoming fast by msting, or by getting 
do^ed with grease and dirt. Toreduce ibefriction 
M much as possible, it is best to make the lever turn 
on koife edges, case-hardened. , 
Ai wiU be noticed in Fig. 23, pins aie not used 



for the f u1cmm, but knife edges are used, as shown, 
to tranatuit the pressure of the lever to the safety 
valve Uirough a pin pointed at the bottom end. This 
arrange nient is far preferable to tbat geue rally ad(q>t- 
ed wliere joint pins are used, and should come mote 
generally into use. 

The lever ssfe^ valve recommended by the Board 
of Biipervising Inspectors of Steam Vessels, is rep- 
resented in Fig; 24. Tlie following directions are 
given regarding its coDSti-ucliuD; 

All tlie points or bearing on the lever must be ia 
Um saHB plane. The dialance of the fulcrum must 
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la no case be less than the diameter of the val¥e 
opening. The length of the lever should not exceed 
the distance of the fulcrum multiplied by 10. Hie 
\7idih of tlie bearing of the fulcrum must not be 
less than f of an inch. The lever of the fulcrum 
link should not be less than 4 inches. The lever and 
fulcrum link must be made of wrought iron or steel, 
and the knife-edged fulcrum points and bearings for 
the points must be made of steel, and hardened. 
The valve sit, and bushings for the stem or spin- 
dle, must be made of composition (gun metal) 
when the valve is intended to be attached to a boiler 
using salt water; but when the valve is to be at- 
tached to a b&iler using fresh water, and generatiug 
steam of a high pressure, the parts named, with the 
exception of the bushings for the spindle, may be 
made of cast iron. The valve must be guided by its 
spindle, both above and below the ground seat, and 
above tbe lever, through supports either made of 
composition (gun metal) or bushed with it. The 
spindle should fit loosely in the bearings or supports. 
When the valve is intended to be applied to the boil- 
er of steamers navigating rough waters, the fulcrum 
link may be connected directly with the spindle of 
the valve, provided always that the knife -edged 
fulcrum points are made of steel and hardened, and 
that the object sought by the link is obtained — name* 
ly, the vertical movement of the valve, unobstructed 
by any lateral movement. In all cases, the weight 
must be adjusted on the lever to the pressure of 
steam required in each case by a correct steam gauge 
attached to the boiler. The weight must then be 
securely fastened in its position, and the lever marked 
for the purpose of facilitating the replacing of the 
weight, should it be necessary to remove the same. 

A PEBFECT 8AFBTT YALTB. 

A perfect safety valve is one which will rise as 
soon as the pressure at which it is set is attained, 
that will prevent the pressure increasing if the lx>iler 
is forced to its utmost extent, and that will (close 
promptly as soon as the pressure commences to f alL 
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With all the experience of engineers, it seems Im- 
possible to design a valve possessing all the above fea- 
tures; but no doubt it can be closely approximated to. 

TABLE OF ABSAS OF YALYES OF DIFFSBEZTT DIAM- 
ETERS. 



/^Diameter of Valve.—. 
Fractions. Decimals. 
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t 

1 

H 
H 
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IS. 
II 
U 
« 

IS. 

1* 

H 

u 
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0.03125 

0.0625 

0.125 

0.1875 

0.25 

0.8125 

0.875 

0.4375 

0.5 

0.5625 

0.625 

0.6875 

0.75 

0.8125 

0.875 

0.9375 

1 

1.0625 

1.125 

1.1283 

1.1875 

1.25 

1.2611 

1.8125 

1.3667 

1.875 

1.882 

1.4875 

1.4912 

1.5 

1.5625 

1.5957 

1.625 

1.6875 

1.692 

1.75 

1.7823 

1.8125 

1.86 

1.875 

1.9875 

1.9587 



Circnmference 
of Valve in . 
Inches. 
Decimals. 

... 0.0981 .. 

... 0.1968 .. 

... 0.3926 .. 

... 0.5890 .. 

... 0.7854 .. 

... a9817 .. 

... 1.1780 .. 

... 1.374 .. 

... 1.578 .. 

... 1.767 .. 

• . • l.oOo . • 
. . • «. luo • . 

. . . 2.356 . . 

. . • «. u0(O . . 

... 2.748 .. 
... 2.945 .. 
. . . 8 1416 . . 

. • • O.uOlV . . 

. • • 0. 0040 . . 

... O.DOO .. 
... 8.7806 .. 
.. 8.9270 .. 
... 8.9564 .. 
... 4.1233 .. 

. . . 4.<6V40 • • 

... 43197 .. 
... 4.3394 .. 
. . . 4.6160 . . 
... 4.6817 .. 
... 4.7124 .. 
... 4.9087 .. 
.. 6.0083 .. 
... 6.1051 .. 
... 5.3014 .. 
... 6.3128 .. 
... 6.4978 
... 6.6954 
... 6.6941 
... 6.8407 
... 6.8905 
... 6.0868 
... 6.1324 



Area of Valve 

in 
Sqnare Inches. 
Decimals. 

.. 0.00076 
.. 0.00306 
.. 0.01227 
.. 0.02761 
.. 0.04908 
.. 0.07669 
.. 0.1104 
.. 0.1603 
. . 0.1968 
.. 0.2485 
. . 0.3067 - 
.. 0.87ia 
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0.4417 

0.6184 

0.6013 

0.6902 

0.7864 

0.8861 

0.9940 

1 

1.1076 

1.2271 

1.25 

1.3529 

1.4625 

1.4848 

1.5 
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1.75 

1.7671 

1.9175 

2 

2.0789 

2.2865 

2.25 

2.406d 

2.5 

2.6801 

2.76 

2.7611 

2.9483 

3 
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of Valve in 


^Diameter of Valve.—, 


Inches. 


Fractions. Decimals. 


Decimals. 


2 


.... 2 


.... 6.2832 .. 




.... 2.034 


. • • . 6.3867 . . 
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.... 2.0625 
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.... 6.6254 .. 


2i . 


.... 2.125 
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.... 6.8452 .. 


2»,. \ 


.... 2.1875 . 
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.... 2.25 
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.... 2.256 
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. . . 2.5842 . 


... 8.1012 .. 
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... 2.646 . 


... 8.8084 .. 
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. . . 8.4987 . . 


2i \ 


. ... 2.75 


.... 8.6394 .. 




.... 2.7686 , 


, . . . 8 6758 . . 
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.... 88357 .. 




. . . . 2.82 
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2t ! 


.... 2.875 , 
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.... 9.0365 .. 




... 2.9805 . 


... 9.20 .. 


2»i. ; 


... 2.9875 , 


... 9.2284 . 




... 2.9885 , 


.... 9.8666 .. 


8 ! 


...8 


... 9.4248 .. 




... 8.0865 . 


... 9.5330 .. 


8>,. ; 


... 8.0625 . 


... 9.6211 .. 




... 8.0884 . 


... 9.6968 .. 


8^ i 


... 8.125 . 


... 9.8175 .. 




.... 8439 


... 9.8596 .. 


8«i. ! 


.... 8.1875 , 


....lo.oisa .. 




.... 8.19 


....10.0166 .. 


8i i 


....8.25 


. . . .10.2102 . . 


^p 


.... 8.288 


....10.8243 .. 


8»i, ; 


. . . . 8.3125 . 


....10;4065 .. 


8t . 
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....10.6029 .. 




.... 8.884 


....10.6257 .. 
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. . . . 8.4875 
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.... 8.47 


....10.8958 .. 


8^ 


.... 8.5 
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.... 8.77 
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3.1416 
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8.75 
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4 . 

4.2001 
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4.6664 
4.75 
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5 

5.157a 
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5.411» 
5.5 
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6 
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6.25 
6.491S 

6.5 

6.75 
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7 
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8 

8.2957 
8.5 
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8.9462 
9 

9.280a 
9.5 

9.6211 
10 
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leter of Valre.-^ 


Inches. Sonare Incbflis. 
Decimals. Decimals. 
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4 


.... 4 


....13.5664 ....13.5654 




.... 4.871 


13.725 15 


4i 


.... 4.5 


....14.1873 ....15.9048 


41 


.... 4.75 


....14.9226 ....17.7205 


5 


.... 5 


....15.7080 ....19.6350 




.... 5.047 


15.8475 20 


5i 


.... 5.5 


.... 1^7.2788 ....63.7583 




.... 5.642 


17.7058 25 


6 


•. . . . 6 


....18.8496 ....28.2744 


6 


.... 6.875 


....20.0175 ....30 



SPRIKa-LOADBD SAFETY TALYES. 

I have in my former articles given a description 
of those safety valves which are held to their sits 
against internal pressure by weights, cither acting 
directly or through levers, and which are most gen- 
«ral1y in use on stationary and marine boilers. I 
now propose to give the history of those which are 
held lo their sits against internal pressure by springs, 
either acting directly or through levers, used almost 
exclusively upon locomotives, and to a great extent 
on portable and marine boilers. 

As before stated, safety valves were employed by 
Papin in 1680, and are, therefore, two hundred years 
old, and, as shown, probably much older. 

The objections to spring safety valves, are that 
the compression of the spring is increased with the 
lift of the valve, and therefore the pressure holding 
it down to its sit becomes greater the higher the lift, 
and as the weight of a dead load is constant for any 
hight of lift, the amount of lift of a given valve for 
any pressure would be less with a spring than with 
« constant weight. Therefore, boildrs with spring- 
loaded safety valves should be loaded at a certain 
per cent below the blowing-off point; or, in other 
words, suppose a boiler should be allowed, accord- 
ing to law, to carry 100 pounds pressure per square 
inch, the spring on the valve, to lift the proper hight 
to free the boiler at that pressure, should be set at 
t^5 pounds, as the accumulated pressure due to the in- 
creased compression of the spring will be 5 pounds; 
and as the valve would blow off at 95 pounds, that 
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would be the working pressure of the boiler, al* 
though the limit to which the pressure could accu* 
mulate would be 100 pounds per square inch. 

Iiooking at it ia this way, the strength of the 
boiler should be increased or the load upon it re* 
duccd, as compared with the practice of dead-loaded 
safety valves. 

The amount of pressure accumulated with spring- 
loaded valves is a less percentage of the pressure the 
higher the pressure rises, and there is soon reached 
a pressure at which the percentage of accumulation 
becomes so small as to be of little practical import* 
i^nce. 

In the United States navy yard experiments, made 
with spring valves, it was found that the percentage 
of accumulation at 34 pounds, was 19 pouuds; at 59 
pounds it was 9.4 pounds; at 80- pounds it was 6 
pounds; and at 90 pounds it was 5 pounds. 

Wiih the advanced state of boiler engineering, the 
majority of good boilers have a factor of safety of 
9IX — that is to say, the working pressure of the 
boiler is one-sixth the bursting pressure. At 75 
pounds per square inch working pressure, we have 
a bursting pressure of 75x6=450 pounds, and a per* 
centage of accumulation upon the load pressure of 
the spring-loaded valve of i^ay 8 per cent; that is, 
75X8=000 pounds; 75+6=81 pounds. The highest 
pressure to which steam can be carried in such a 
boiler, with a properly proportioned spring valve 
loaded to 75 pounds per square inch, is 

450 

— =5.62, the factor of safety, 

81 

leaving still an enormously large margin of strength 
before reaching the point of explosion. 

The makers of spring-loaded safety valves argue 
that the pressure of accumulation is the same in 
dead-weight valves as in spiiug-loaded valves. If 
^ey will but stop and think for a moment, they will 
8^ that in the dead-loaded valves the resistance is 
coi;^stant, regardless of the lift of the valve; but with 
the spring -loaded valve, as commonly made, tiie 
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slightest proportion of lift compresses the spring,, 
and the pressure, acting against this lift, varies di- 
rectly with the amount of that lift. Therefore there 
can be no doubt that the pressure of accumulation 
is greater in the case of the spring-loaded than the 
dead-loaded yalve, all circumstances being the same. 
To overcome this increase of pressure as the valve 
rises, it is necessary to increase the area of the valve 
vitli its lift, or to arrange that the increased com* 
pression of the spring may be compensated in some 
other way. The form of valve sliown in Fig. 25 
has been put on the market to overcome the above 
difficulty. 

If the contact between a safety valve and its sit 
were tlie contact of two sharp edges, like two circa* 
lar knives edge to edge, the action of a valve in open- 
ing and closing would be simpler than it can gen- 
erally be in practice. In fact, the surfaces in con* 
tact must have, for constructive reasons, a breadth 
very considerable in proportion to the diameter 
closed by the valve; and since the areas of circles 
are to each other as the squares of their diameters, 
the area of the circle circumscribed by the outer 
border of the valve sit is materially larger than the 
area bounded by the inner border of the valve sit. 
The smaller area alone, wholly within the sit, is 
acted on by the confined steam while the valve is 
closed; the larger area, within the outer border of 
the sit, is acted on by the escaping steam while the 
valve is open. It was, therefore, not unnatural to 
suppose that a safety valve, once opened against a 
resistance nearly constant, would then open more 
widely, so as to give free outlet to the steam, and 
that it would remain open until a very sensible re- 
duction of pressure in the boiler should enable a 
force, at first overcome by the higher pressure on 
the smaller area, to overcome in its turn the reduced 
pressure on the larger area. 

That the reverse is true is well known. A safety 
valve, opened so as to permit the escaiie of a thin 
film of steam, can be further lifted so as to permit 
the free escape of steam, only by considerable in* 
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CKftse at pTCBBure. or by same Bpeclal coDtrivanG& 
It ia UHii.il to explain Uiis plienomeDon ealirety bf 
the increased resislaace ol springB due to ludeosed 
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tension; but Qua CHnoot be the Bole cause, since the 
nme thing ii observed in a less degree where weighll 
are useil to close iLe lalve. An additions! cauH U 
iO be found in Uw espauslon ol a film of eaoaping 
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Steam between the valve and its sit, as in the famil- 
iar " pneumatic paradox/' described by Bourne as 
** Ae tendency which escaping steam has to shut the 
valve down." There is also a liitle sluggishness and 
hesitancy about a movement produced by a very 
slight preponderance of nearly balanced forces. All 
motion is attended with some friction and some in* 
ertia; and decided preponderance is required to pro- 
duce decided movement. To counteract this inert* 
ness» and to give promptness and decision — in a 
word, to give ** pop I" to the action of a safety valve, 
both in opening and in closing, many expedients 
have been invented. 

BBACTIONART SAFETY VALVES. 

The construction of reaclionary safety valves is 
such that the steam, after passing the ground-sit of 
the valve, and prior to its final exit into the atmos- 
phere, is opposed by a ** stricture," so to speak, 
which stricture generally consists of an extension of 
the valve beyond the ground sit, and curved down- 
wards; but in some instances is either straight or 
beveled, and a corresponding extension of the casing 
curved upwards. 

One of the first in this line of improvement was 
an Englishman named Charles Ritchie, whose pat- 
ent is dated March 2, 1848, and numbered 12,078. 
Ritchie's safety valve (Fig. 26) shows an annular lip» 
or flange, extending all around the valve, an annu- 
lar chamber for escaping steam extending all around 
the valve sit, under the lip of the valve, and a 
** stricture," formed by a cylindrical ring rising 
from the outer border of the annular chamber, and 
encircling the lip, or '* compensation flange," as its 
inventor calls it, so that steam, after passing in a 
thin film through the slightly-opened ground joint, 
is gathered, or *' huddled," in the annular chamber, 
thereby soon acquiring the full existing pressure with- 
in tha boiler, or nearly so; and, pressing upon the en- 
tire area within the outer border of the lip, overcomeji 
tiie increasing resistance of the spring, lifts the valvf 
m high that its lip surmounts the constricting r^jsg, 
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and permitB gteara to escape all around a circle of 
larger peripbery than that of the ground Joint— ihe 
circumference, namely, of the constricting ring, 
Wlien the desired relief has been obtained, aud the 
pressure within the boiler Las fallen by tbe amonnt 
provided for by the proportion of Ihe lip to Its Talve, 
Ihe Bpiing doses the valve— slowly at first, and then 
promptly— giving the kind and degree of action to 
be desired. 
The description of its operation, given in the speci- 
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flcation, shows clearly a complete understanding of 
its principles on the part of the patentee. He says! 
"As soon as the pressure of the steam raises ihe 
valve from its sit, the flange H, being exposed to the 
pressure of the steam, presents an increased surface, 
which compensates for tbe Increasing resistance of 
the helical spring (which surrounds spindle P, but 
not shown in cut), until the valve has been raised to 
a hight equal to the area of the steana way, when it 
allows the steam or vapor to escape freely." 
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Vtg. il7.—Jamea WebtUr, •Txty 14, 18B7. 

Id 16<i7, James Webster was granted a pflteat la 
Great Biitaia (No. 1,955). for an im prove men t, or 
improTementa, in safety valves. Several forma ate . 
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described in the specificatioiiB and sbowa In the 
drawings, some of them ButMtantiallj identical witb 
Ritchie's, and others equivalent thereto. la Web. 
Bter'a valve, the lip, or "compensating flange," in- 
stead of beiaj; formed In one piece of metal wlih the 
valve, is geoerallj a separate and larger disic, attach, 
ed to the valve stem above the valve; and Ihe anna- 
lar chamber, instead of being, as in lUtcbie'a, a mere 



concave depression around the valve sit. Is a consid- 
erable chamber around and above the valve, and be- 
tween the valve and the disk. The '*stricture"i8 
formed by a cylindrical ring rising; from tbe metal 
of the valve sit, at a little distance from the edge of 
fbe valve, and either embracing tbe rim of the disk, 
01 shown in Fig. 26— exactly as in Kicbic'a device 
^^r itself encircled by a downward-turned tlm on 
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the disk, Tesemblmg thecoTeiof ABnuff-boi, a clear- 
\j equivalent device bb sbona in Fig. 37. 
In aaotber form, the superior disk, instead of being 
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spring, vhicta admits of relaliTe motion between the 
Taive and the diak. as shown in Pigs. 39 and 80. 
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This is a new element, "which has no resemblance to 
anything in Ritchie's patent. 

In anotlier form, the cylindrical envelope, or con- 
stricting ring, is closed at the top; the disk becomes 
a closely-fitting but f tf^ely-moving piston, and egress 
is given to the escaping steam by means of holes 
drilled through the walls of the encasing cylindrical 
ring, as shown in Fig. 80. There are corresponding 
holes in the rim of the piston, or disk, which come 
opposite the holes in the encasing cylinder when the 
valve is lifted to a desired hight. 
* In still another form, an ordinary safety valve, with 
conical sit, surmounted by a short cylindrical piston, 
rising from its outer edge, which fits closely but free- 
ly into a cylindrical envelope rising from the metal 
of the valve sit, as shown in Fig. 81. In the form 
Fig. 81 there is no "annular chamber," properly 
speaking — nothing to represent it except the space 
between the valve and its sit, so that there is, proper-! 
ly, no ** stricture," and the action would be imperfect. 
In several of the other forms it is a good, practical 
safety valve. 

William Hartley In the same year (1857), about a 
month later, patented improvements in ste^im engine 
and steam boiler apparatus. He describes his im- 
provements in safely valves as follows: 

*' A safety valve for steam boilei-s is made to open 
80 as to discharge a volume of steam equal to the 
discharge of an uri/obstructed passage through the 
valve sit. This I accomplish in two ways: 

" First. By constructing a valve A, as shown in 
Fig. 82, with a projecting flange, on which is sit- 
uated a curved, external rim B, projecting down- 
wards, the section of the said valve and rim being 
similar to the section of an inverted cup, as shown 
in Fig. 82. When the valve is closed, the external 
rim is nearly in contact with the valve sit or its bear- 
ing; but when the valve is opened by the action of 
the steam, the distance of the rim from the valve 
flit, or its beaiing, is equal to the area of the passage 
in the valve sit, thereby discharging its maximum 
quantity of steam. 
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' " 8ee&nd. I accomplish a full discharge of steam 
by making the projecting rim of a cylindrical form. 




Mig, 39.— A« BariUy F«l«e> Auguwi 19, 1SS7. 

and the valve sit, or its bearing, curved, so as to in. 
crease in diameter downwards. In this case, when 
fbe valve A is closed, the bottom edge of the rim B 
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itMrlr toucbea the bottom part of the curved dt, or 
bearing, and when the Hieam lifts the Talve, the apace 
tMtween the edge of the Tioi aod the bearing iucreaM* 




Xi§, »a.—TK» Sartlay ToIh, jtwgMt, IV, UffTt 



In ftres, and thus effects a full diBcbarge of (tewiL 
The rod E ia weighted when placed beloT the valve, 
or loaded t^ « spring it above the valve. In both (d 
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tlieae arrangenieiiU the valve will close 'when the 
steam pressure becomes reduced below the load on 
the valve." 

Cbartes Bejer also, in 1863, pateDted a valve similar 
to the above. He claims a flnnge around the valve, 
GommeociDg at the outer edge of the valve-taciog, 
vbich flange is under-cut, and concave in ebape, aud 
the concave side is towards the sit of the valve, which 
has also a flange npoa it, commencing at the outer 
edge of the valve sit; but the upper surface of the 
flange is convex, and corresponds nearly to the con- 
Cave surface of the flange upon the valve. There la 
H alight space between the concave and convex Bar> 
(acea of the two flanges, which diminishes towards 



Tig. 34.— The Ifaytor Folve, ^oty SI, 1863. 

the oulev edge of the flange. When the sleam begins 
to escape from between the suif aces of the valve, 
it gets between the concave and convex surfaces of 
the two flanges, and its force thus acls upon a larger 
area, and reacts upon the concave surface of the valve 
and causes it to open to a greater extent than the or- 
dinary safety valve. 

In view otRi(chie(1848), Webster (1857). and HarU 
ley (1867), there is in Beyer's device (1868) only a 
very narrow margin of novelty, if, indeed, there Is 
anything beyond mere forms, wholly without effect 
upon the action of a safety valve. 

In July, 1868. William Naylor patented and dd- 
scribed a safety valve with a projecting, downward- 
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turned lip, similar to Beyer's, and to one form of 
Hartley's (Fig. 82), but lays no claim to its inven- 
tion. He says: ** By means of the curved, down- 
\vard-projecting lip, I am enabled to avail myself of 
the recoil action of the steam against the valve for 
the purpose of facilitating the further lifting of such 
valve when once opened; but I wish it to be under- 
stood that I lay no claim to such recoil action, nor 
to the extension of the valve laterally beyond its sit.** 

Naylor's patent also contains two other devices: 
First, for compensating for the increasing resistance 
of the spring by the varying leverage of a bent lever, 
as shown in Fig. 84 Second, for a supplementary 
piston valve, for indicating the pressure existing in 
the boiler at all times, whether the safety valve is 
closed or open. 

The bent- lever device is eminently practical, and 
affords one example of a way of making a ** practi- 
cal valve, working upon the principle of automati- 
cally relieving the boiler from excessive pressure, 
without a considerable enlargement of the steam 
passage to the atmosphere from the valve sit, foU 
lowed by a comparatively quick contraction of this 
passage, which contraction is called a stricture. 

Fair examples of reaction aiy safety valves In 
America are the Crosby and Richardson, which 
are well known and largely in use. 

Fig. 85 represents the Richardson valve. In this 
valve a disk valve or cover sits upon the inner edge 
of a cylinder shell or body, having guides extending 
down into such shell or steam space, so far corre* 
sponding exactly to the ordinary safety valve in 
common use as before described. The end of the 
shell upon which the valve sits extends outwardly. 
The valve also extends outwardly from its sit, and 
downwards in the form of a lip, encircling the valve 
and relief outlet, and overlapping the extended shell, 
and is brought so nearly to such extended shell at its 
edge as to form a veiy narrow opening to the atmos- 
phere. These extended parts form an annular cham- 
ber. A helical spdng is used to close the valve 
against the pressure of steam within the shell or 
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bod;. The devices used to iocrease the lift ot tbe 
Tftlve, and fpve greater relief, are of ancb deicribed 
paiU aa appear on tbe figure: 

Fint. An anoular lip C, outside and tuiToundlDg 
tbe valve B. 

jgtoend. Tbe valve ^t F. 

JTitrd. The relief outlet, shown b; small arrows 
At lip C 

tbturth. Ad aDDular space or chamber D, formed 
hrllpGand the extended sliell E outside aod snr. 
rooDding the valve sit, the lip C overlappiog tbe ex- 
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toided shell E sligbtl;, and fonniug a ver; narrow 
Bunular opening from ihe cbamber to the atmosphere 
when the valve ia closed, hut enlarging otier the 
valve has lifted some diatance from its sit. 

Optratkm.— When llie steam \vilbia the shell, or 
bodj, acting upon the whole face of the valve, ia 
snfflcieDt to overcome Ibe resistance ottered by th« 
■ptiDg, the valve will lift and the steam escape from 
tbe relief outlet, under the valve, into the annular 
eharaber, and there expending, and finding but a 
verysmsll opening to tlie atmosphere, acts, but with 
diminished pressure, upon the additional surfnc« 
presented by the overhanging lip surrounding Um 
lelief outlet, end agMln exerting force t< 
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the reeiBtance of tbe spriog. The effect is, that the 
valve will lift higher, but the amoant of steam pas&> 
ing tbe relief outlet under tbe valve is increased, b^ 
fore the aanular opening at the outer edge of the Up 
is iocrcased, owing to the over^lap, and the valvo 
has to lift still higher and higher to give the neces- 
saij outlet to the steuu eoteriog the chamber from 



under the valve, until the extra force is connterbil- 
anced by tbe increasiog resistance of the spring. 

Tbe steam in the chamber, by being obstructed la 
Its course to the atmosphere, hj Ihe lip, interferes 
Willi tbe free escape of the steam under the valve. 

At the test at tbe Washington Navy Yard, one of 
these valves had two ^)rlaga, so arroDged ns to exert 
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their strength Bad force ia opposite directloDft— tliat 
is, Ihe lower spring bolde the valve down against its 
Bit, and the upper one lifts it from its sit, go that 
the valve proper will open at a piessure equal to th« 
diflerence between the adjusleil power of the springs. 
For example; The lower spring is compressed suffl- 
cieiilly to hola the valve down at 100 pounds preaa- 
ure, and the upper spring compressed to exert one- 
tenth of that force in an opposite direction; that ii^ 
to raiae the valve. The valve will then lift at 100 
less 10=90 pounds pressura. 

Fig. 86 represents a lock-iip eafely valve, with 
means upon the outside to lift it from itasit These 
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valves are made with either single or doiih/e sprlngai 
and without the lock-up arrangements. These valves 
also have an arrangement by which they can be ro- 
lained in their sit whenever it becomes nccessaiy to 
Ho so; such, for Instance, as to apply the hydro- 
static teat to the boiler. 

The excess obtained on these valves at 80 pounds 
pressure, was fiom ^ to 7 pounds; at 70 pound! 
pressure, from 1} to 3} pounds. Areas exposed at 
80 ponnds, 0.869. 1.171, and 1.455 square inches; 
lifto, O.IS, 0.20 and 0.35 of an inch. At 70 pounds 
0.601 square inch; lift, 0.13 inch. 

The records of the Irial made upon these valves, 
ehow that the excesses above 80 and 70 pounds were 
varying, and that in some instances none at all vrere 
obtained. ■ 

The Richai'dson safety valves are made with a 
solid cast-nickel ring. Fig. 87 represents the solid 
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nickel castiDg used for the valve sit. The thf ead on 
the outside is for screwing into the base of the valve. 
It is threaded on the inside for the head of the valve, 
the contact is beveled at an angle of 45° to its center 
line of axis, and the metal, being so hard, enables 



Ho.l 




Wig, 88.-^Three'Ineh Common Safety Valve, and the Area 
of Opening Presented when the Valve Lifts for the 

Mseape of the Stean^, 

the use of a very narrow-faced joint, or contact, 
with no danger of its cutting. Its chemical proper- 
ites prevent coriosion from the action of water, 
steam, fatty acids of oils, or saline matter in the 
water. 

All valves are fitted with an adjustable pcrew ring, 
80 that the popping point can be changed while stenm 
k In the boiler, without breaking any joints. These 
valves are absolutely reliable in their action, prompt 
in opening and closing at the proper moment, and 
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fuHy ntffleieni in capaeUy to relieve the boiler from 

any pressure iu excess of the amount intended to be 

carried. Figs. 88 and 89 show the different areas of 

the ordinary and this ralve. 

The usuid diameter of safety yalves in use in tho 



Fig. 2 




Wiff* 89.^8how9 the Niehel^Seated Safety Valve, and the 
Area for the Maeape of the Steam tthen the 

Valve Iiifts, 

United States on locomotives, is 2^ inches diameter, 
and each boiler is fitted in duplicate. Fig. 40 shows 
The spring F, which is the vital factor of sprinii-loaded 
safety valves. These spriiijrs are carefully selected, 
and the greatest care is used in the coiling, tempering 
ynd testing of the same. They are nickel-plated, to 
protect them from rusting. 

The points of bearing, top and bottom, are ball 
and socket, preventing any tendency to tili to one 
side and bind the spindle D, through which the press- 
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ure to hold the tsIts on ii8 sit C is traQBmittod, and 
makes tlie TMlTe lliorouglily reliable. 

Tiie lip C ia ailjtumble. If ilie Tstve reducM the 
presBiire in Hie bollur loo mui-h, limiieii Hie eet-Bcraw 
L, nnd luro the ring up r nolcli nt n tiiiie; if it re- 
duces the pressure loo liltlc, turn llie ring down a 
notch at a time, untU the desired preBsuv« is i-escbed. 



THE CR08BI SAFETY VALVE. 

The sils of tliis vhItb are fl»l, nnd it is dnimed 
1^1 the Bits do not weiir out nr li-ak so readily «8 
beveled site, flD<l vsiH nener tHek. This viilv<' is nd. 
Justnble also; the point of opening cnii ri'ndily be 
changed while under Bti'am. by scicwlng t1i(> tlireaded 
bo1t.L at the top of the cylinder np or donn. 
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Tbe Crosby valre has s compoaad or aoDuIus. 
disk Talre ait, at its peripbery upoD tbe edge of a cyl- 
indrical abell or body, and baring guides projuct- 
Ing downirard from tbe center of the valve into a 



cylindrical cbamber, situated under the center of the 
valve and iiiiide of tbe space enclnaed by tbe sbell or 
body, and to which ihe elenm has no access when 
the valve la closed. The bosa, or chamber, is bdd 
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in its position by radial arms conaected with tbe 
stiell. The upper face of such bosa, oi charaber, is 
arranged to come in contact with, and protect, a cer. 
tain portion of the face of the valve itself, from tlia 



n#. SD.—Xh* ^merloam Fop iSa/My Talve. 

action of the steam pressure, until the ralre opens. 
Openings are made from this chamber, or boss, 
through the radial arma and sheil, or ttody, to the 
atmosphere, and a ring or sleeve, Is screw-threaded 
to tlia outside of the body to regulate the slse of euclv 
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openings. A helical spring is used to close the valve 
against the steam pressure within the shell. 

The devices used to give a greater lift to the valve, 
•are such boss, or cylindrical chamber, C O, with 
its upper face W W, smaller than the valve B B, 
4ind, as has been described, and as appears from the 
cut annexed, so situated inside of the shell, or body, 
^at its upper face shall come in contact with and 
protect a portion of the face of the valve itself from 
the action of the steam pressure within the shell, 
until the valve opens; and the small openings E E, 
from the boss, or chamber, through the radial arms 
and shell to the atmosphere. The size of these open- 
ings can be varied by the operator at will, but not 
by any action of the valve. 

OPEBATION. 

When the steam within the shell, or body, acting 
upon that portion of the face of the valve not cov* 
ered by the face of the boss^ or chamber, is sufficient 
to overcome the resistance offered by the spring, the 
valve will lift, and the steam will escape from the 
relief outlet, under the valve at its periphery, into 
the atmosphere unobstruoted, and no further use ia 
made of it. At the same time that portion of the 
face of the valve itself which was protected. by the 
boss, or cylindrical chamber, from the acticm of 
the steam pressure is uncovered, and the steam acts 
.upon such surface with great power also, and exerts 
a force to overcome the resistance of the spring. 
In lieu of changing this central area for every change 
of pressure required, the pressure acting upon the 
fixed central area of the portion of the face of the 
valve so uncovered, is reduced to the proper amount 
by the size of the openings from the boss, or chamber 
at their outlet. 

The effect is, that the valve will lift higher, and 
the relief outlet is enlarged to any degree desired 
without the slightest obstruction to the free escape 
of the steam under the valve into the atmosphere. 

The navy-yard trials sliowrd that the excess ob- 
tained on this valve at 80 pounds pressure was from 
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2i to 5^ pouods; at 70 pounds pressure, from 8 to {? 
pounds. 

Areas exposed at 80 pounds, 1.257 square inches^ 
lift, 0.13 inch; at 70 pounds, 0.729 square inch; lift» 
0.07 inch. 

These excesses were only temporary, and upon 
trial after readjustment, no excess was obtained, 
but the range of pressure between the opening and 
closing points was about the same on all tht$ trials; 
that is, if the valve made less excess, or none at all, 
it seated at a lower pressure. 

THE AMBBICAN POP BAPBTT VALVE. 

This safety valve is provided with a second or 
movable head on the top of the valve proper, aa 
shown in Fig. 42: 

MOVEMENT. 

H— Valve. 

J — Inclined holes in automatic head G. 

Q — Adjustable automatic head on top of valve H. 

S — Spring to return tlie head to its position after the 

valve has stopped blowing. 
P — Cavity for the accumulation of steam to feed 
holes through valve H, and head'G. 

There are two series of holes drilled around the 
outer edge of these heads, for the purpose of reduc- 
ing the amount of increased area. 

First. The first series is drilled around the head 
of the valve proper and drilled at an angle of 90^, 
and the sit of the same. 

Second. The series is around the second or mov- 
able head G, and drilled at an angle of 55*" with the 
holes in the head of the valve H. 

Now, the movable head is placed in such a position 
upon the head of the valve H, that there is a small 
opening between the holes in the head of the valve 
H, and in the corresponding holes iu the second or 
movable head G. 

It will readily be seen that the result of this device 
is simply this, that when the valve lifts from the sit 
to blow, the passage of the steam through the holes 
in the head of the valve H passes into the correspond- 
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log holes in the moTfible liead Q; and, m U» wslte 
of the holes in the head G are at an angle of 55* with 
the holes in the head of the yalve H, the autoniatio 
head will be forced around in such a manner that 



thehofaaof the two heads vill be directVia line with 
OM^ other, the remit being a decreaae of Iwanwad 
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The United Statea Board of SuperviBing Inspec- 
tora of Steam Vessels, require for lever Bafely valves, 
one Bquare inch valve area for every Iwo square feet 
of grate Burface at bniler. For gpriTigJoaded pop 
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Talves, one square inch valve area for erwy IhiM 
square feet of grate mirface in the boiler, 

LOCOKOnvB POP SAFETY TALVt 

WLen the preBrare In the boiler reachea the pw 
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dominated pblnt at which the v&lve H is set to blow, 
the valve viU tise slightly from its seat, and allow 
the Btesm to eacape into the expansion charatwT mide^ 
and around the valve; and, as soon as the escnping 
steam into this chamber has created a slight pressure 
above the atmosphere, the valve H will at oace be 
forced upward to its extreme lift, when at ihat point. 
The steam passiog tlirongh the inclined holes J will 
f&rce off the automatic bead G, causing a reduction 



of the Increased area, and a rotation of the valve 
until it again reaches Its sit, when the automatic 
head will be forced back into position by its spring 
H and the valre is ready for the nest operation. 

A — Screw lo adjust epring to pressure required. 

B— Check-nut to hold screw after being adjusted. 

C— Bplndie. 

D— Follower for spring. 

E— Spring. 

F— Nut to hold adjustable heso. 
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G — Adjustable or automatic head. 
H— Valve. 
J — Inclined holes in head. 

The makers claim it the -safest, most reliable, and 
ordy automatic adjusting pop safety-valve, and that 
its action is such that it will neter stick on its sit. 

TUBITBULL'S EQUILIBBinM SAFETY YALYE (GLAS- 
GOW, BCOTI4AND). 

The inventor of this valve claims that it will lift 
with the slightest increase of pressure, and will close 
practically at the identical pressure at which it 
opens. The chief features in these valves are that 
they are entirely free from all obstructions, such as 
guides, feathers, etc., in the steam passages to which 
they are fitted, while the valves themselves are of 
bell form, as shown in Fig. 45; the arrows indicate 
that it is supported somewhat on the principle of the 
hydrostatic paradox. 

The valve consists of an inverted cylinder, or bell, 
chamfered at its lower end, and resting on a flat 
surface of small extent (see Fig. 46). 

For marine or stationary purposes, the form of 
the valve is as above described, but the valve is 
guided externally at the lower end by a brass cylin* 
drical casing, as shown in Fig. 46, this guide havinff 
only a narrow surface in contact with the valve. 
The arrangement of the spring will be readily un* 
derstood from Fig. 46, and it will be seen that the 
upper end of the valve spindle is guided by an ex* 
tension of the spring compression nut. 

DISK BAFBTT TALTB8. 

Through the use of the disk the same object Is 
sought to be obtained as by means of the reactionary 
principle. The disk is usually located below the 
ground sit of the valve, between which and the disk 
there is a space which may be designated as a reduo* 
tion chamber, for the reason that when the valve pxo- 
per is forced from its sit by the pressure in the boiler, 
the pressure in this chamber is reduced, therebj al* 
lowing a greater force to act against the lower and 
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Inner faces of Ibe disk (which b of a greater area 
than thai of ihe valve proper) than that acting be- 
tween the Talve proper and the disk, fordng the 
valve further from Lis alt. 

In valves coDBtructed with disks attached to their 
spindlea, either below or atmve their ground sit, 
the disks are of larger areas, than the areas of tlie 
valve proper, and when attached to the spindles be- 




low the ground dts, operate in a recesa^ which maj 
be termed a " reduction chamber." 

The Cockbounie is a fair exampls of this form of 
aafet; valve. 

COCKBOUOME DISS BAVUTV TALTZ, 

Fig. 47 shows a section of this valve with a bM> 
tlonary weight, those spring-loaded being the aama 

The valve proper li constructed in the nsual man- 
ner, with fetther-edged wings, or guldee, extending 
Into the ca^g. Theee guides extend some dlsUaoe 
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below the point irbere tlie^ come into contact with 
the casing, for tlie purpose of recclvlDg and BuHialo- 
ing the disk, tbe diak being coDsideralily larger in area 
tbaQ that of the T&tTe, and nearly flUing the lower 



opening in the casing. The edge of thia disk li ber- 
ded. Below Ihe caning, cbtttI ng the ait of the valve. 
Mid above the diuk. is a cliamber of considerable areft 
in extent, aa shown in Fig. 48. 
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The result of this arri^ngement is, that the steam^ 
in its passage through the narrow space between the 
disk and the casing below the Talye,_ becomes wire^ 
drawn, thereby diminishing the pressure in the cham- 
ber, upon the upper side of the disk. Consequently 
the under side of the disk, being exposed to the- 
greater pressure in the boiler, is forced upwards, 
and a greater lift is thereby given to the valve than 
that due to the pressure and volume of steam in the 
boiler. The thickness of the edge of this disk, a» 
well as its form, has much to do with the action of 
the valve. 

These safety valves at the Washington navy yard 
trials showed no excess at 80 and 85 pounds pressure. 
Lift, 0.28 inch; area, 1.82 square inches. The valve 
tested at 85 pounds was spring-loaded. The excess- 
obtained at 70 pounds pressure, was one-quarter of a 
pound. Lift, 0.15 inch; area, 1.18 square inches* 
This valve was loaded by a lever and weight. 

BBACTIONABY VALVES. 

As the reactionary valves, such as the Adams,. 
TurnbuU, and others, of England; the Richardson,. 
Crosby, American, and others, of America, consti- 
tute a type which has come into very general favor, 
and have just been described and illustrated, the 
construction of these valves is now widely known, 
and a brief risumi will suffice. The outer edge of the 
valve is extended to form an overhanging lip, and 
the simple explanation of its action, is, that the 
steam, in rushing out in the direction of an angle of 
say 45*", is deflected by the overhanging lip, an up^ 
ward pressure tending to force the valve further 
from its sit, is produced, and thereby obtain a larger 
area than that primarily due to the pressure and 
volume of the escaping steam when acting only 
upon the area due to the diameter of the valve 
proper. 

It is quite evident, however, that if the steam, 
after passing the ground-sit of a safety valve, and 
before it can make its final exit into the atmosphere, 
is opposed by any means which will act to retard 
its escape, and force it against the valve sit, and any 



134 8AFJSTT VALVES, 

overbaDging portion of the YaWe, will have a ten* 
dency to force the valye further from its sit than it 
would if left free. 

It is a fact, that such valves must expose a larger 
area than valves where the steam passes unobstruct- 
ed by such means direct from their ground sits to 
the atmosphere, in order to discharge the same vol* 
ume of steam. 

In the report of safety-valve tests made at the 
United States navy yard, Washington, D. C, by a 
special committee of the Board of Supervising In- 
spectors of Steam Vessels, September, 1875, is the 
following* 

** Some of these reactionary valves proved very 
efficient, but the committee are not quite sure that 
they will prove to be the best in a long run. It 
appears to the committee that the nicety of the ad- 
justments of parts required by the sharp lines of the 
stricture, as well as the fact that no one valve can 
be adjusted to more than one pressure, at least with- 
in a very narrow limit of pressure, without extra 
springs, will cause them more frequently to get out 
of order than the common lever valve, or some of 
the disk valves. The action of this construction of 
safety valve under pressure, may be described, in gen- 
eral terms, as erraUc, tremulous, and, in some in- 
stances, tumuUuou8. It was very difficult to adjust 
some of these valves twice alike, or to make them 
constant in their action, and they would not always 
give the same result under the same adjustment." 

COMMON LEVBB BAFBTY VALVE. 

The committee say, in regard to the trial of the 
common lever safety valve (see Fig. 22, page 109» 
May number, 1889, as follows: 

" First. That the diameter of a safety valve is not 
an infallible test of its efficiency. 

" Second. That the lift which can be obtained on 
a safety valve, other conditions being equal, is a teat 
of its efficiency. 

'* Third, That the lift of a safety valve depends 
upon the velocity and weight of the escaping steain. 
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** Fourth. That the valves with small areas made 
a greater excess than those with large areas, even 
when the former recorded a greater maximum of 
effective area. 

"JP%. That two-tenths (0.2) of one inch is the 
maximum lift to be obtained on a common lever 
safety valve. 

" Sixth. That the common lever safety valve, wheD 
constructed upon correct principles, employing good 
material and workmanship, will correctly indicate 
the maximum pressure of steam in a boiler, and, 
when suitably proportioned, relieve the same of all 
excess." 

They further say, that "in the arrangement of 
safety valves for any boiler, or set of boilers, the 
committee is of the opinion that a number of valves 
(where more than one is required) is preferable to 
one valve with a large area; and do not believe it 
advisable to employ a common lever valve, with 
either a beveled or fiat sit, of more than 10 square 
inches area. According to these experiments, two 
such valves will discharge four tTiousand pounds of 
steam in one hour, at all pressures from 20 to 100 
pounds per square inch: and if the results deduced 
from the experiments are taken as conclusive, the 
rule of proportion is all that is required in arfanging 
the areas necessaiy to discharge the weights of steam 
generated, without any reference to its pressure." 

The following rule is the nearest approximation 
these tests will warrant: 

Weight of water evaporated in one hour, multi^ 
plied by 0.005; or, 

An area of 5 square inches, up to 1,000 pounds 
evaporated per hour. 

An area of 10 square inches, from 1,000 to 2,000 
pounds. 

An area of 20 square inches^ from 2,000 to 4,000 

pounds. 
An area of 80 square inches, from 4,000 to 6,000 

pounds. 

Ab area of 40 square inches, from 6,000 to 8,000 

poundflL 
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, AmrULAB BATBTT YALTXa 

These valrea are coDBtructed with two grouod aita 
npoD an auDular opening, and allowed an ezternal 
and internal escape for the steam. Borne annular 
valves have aitacbed to the Talve or casing an ad- 
justable lip, for the purpose of controlling the exit 
. of the steam. The object nought 1q the constractioD 
of this anfelj valve ia an inereate of area. 

One form of annular valve Is shomn in Fig. 49, 
tbe.extenial diameter being 4 inches; internal diam- 
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eter, 8.25 incbes. The steam passes outside of, and 
through, the valve to the atmosphere. 

The valve shown in Fig. 50 has proved a very 
Sclent safety valve Steam is discharged at the 
outer edge of the valve, and tbrough apertures in 
the valve Itself. The valve is guldi.'d to its sit hf 
means of a central spindle ezieDding below lis siL 
The principle of annular safelj^ valves is not new, 
DOCBLB-arr bapktt talveb. 

These valves are constructed with two openings of 
tinequal areas (or the escape of the steam. The valves 
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are attached to tbe uime Bpiodle, and tba pcetsur^ 
SCUng upon the one with the larger area, tends to 
iattaW, from Ita sil; the pressure acting upon the 
one with tbe small area, tends to force it to its sit. 
The extra force applied to prerent the Talve from 
c^eniag is just Bufflcieat to balaoce the difference 
between ihe two art«a. 
The luventor ol this satetj valve claims simplicity 
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of arrangemeDt of parts; that it win relieve a boiler 
of all pxcess of pressure quicker and more freeij 
than anyj>ihcr6Hrel7 valve; that ll will raisuezactlj 
at tbe prewuie desired, and re-seat inslaollj on the 
presauru vecedlnR below the point st which it opens; 
and tli^t it is not liable to be acted upon b; rust and 
dirt fnim a boiler. 

The ratio of the difference between the areas of 
the two openings is so arranged, that, by tbe adiU- 
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tlon of one pound welgbt to the Talve atein, on* 
pound additional preMon per Bqiuie inch will ba 
neceuoTj to open It 

On a lest msde oF this tsIts, the claimfl of the in- 
ventor were not sustained. It is doubtful If dmiH^ 
me^tA vaittt will ever be made to answer the pui> 
poae intended. 



rif, Sl.—Xtouble-Sit Sufttff Falv*. 
PIBTOK BAFKTT TALVBS. 

Pirion TalTes are operated by Uie presture of tim 
Bteam acting against the end of a piilon fitted to a 
cylinder, forcing it outwards, and nncoTetjng grad- 
Ullj the opening of the Talre, 

The one great objection to tha nae of {Mon tkItm, 
BWnely, that Omy are likely lo beeome cioggedby tlM 
Bccretioi) of matter around them (unlau in consiaat 
BpentionX •• *» prevent Iben from openOag until 
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tbdr general use. There iBnodoubt that in thia form 
of valve a much larger effective area can be obtained 
than with the common lever valve, and one with a 
imaller diaineter maj be employed. 

The piston of the valve shown in Fig. 6S It of a 
largerarealhanlhat of the valve proper, aodfe located 
some distance below the valve sit, and atiached to tlte 
valve bj means of a spindle extending dowowaids. 
Between the piston and the valve proper is a space 
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which may be called a reduction chamber. Thesteam 
it admitted into this cliamber through apertures in the 
■urrounding casing just above the top of the piston, 
ud when the pressure exceeds the resistance of the 
weight on the valve proper, and lif ta it from its sit, 
It brings up with it this piston. The apertures In 
the casing are, by this action of the valve, partiallj 
doaed by the piston, and the steam is graduaDy be- 
ing cut oil, thereby reducing the prenore in the 
reduction chamber, and upon tlie upper aide of iha 
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piatoo. TbU reduced reBistanca to the rising of the 
pistoa, uid the area ezpoaed to the preaaura of the 



Am !□ the trailer lieitig Eomewhnt in excesa of 
It At tbe valye proper, it forces the valve further 
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from its seat, yrbere it will remain until the pressure 
In the boiler is sufficiently reduced to allow tbe pis- 
ton to fall below tbe apertures above mentioned, 
when the valve proper will suddenly seat itself. 

COMBIKATION SAFETY YALYB8. 

The great objection to combination safety valteSy 
is that tbey are too complicated. The object in thiitf 
form of valve is to obtain an effective area equal to 
that due to tbe diameter of the opening of the vahre 
«— a worthy effort. The writer entertains hope that 
inventors will not despair of success, but will con* 
Unue their efforts to reach such a result. 

In Fig. 53, it will be seen that from the end of 
the lever, extending downwards, is a bar which con- 
nects with the short end of a toggle, or bell-crank 
lever, to the long end of which the spring-balance 
is attached, and in the position to act upon tbe main 
lever through the connecting-bar above mentioned 
whenever the pressure in the boiler overcomes the 
resistance of the spring-balance, and assists in raising 
the valve from its sit. The object of this arrange- 
ment is to get an increase of lift to tbe valve. 

DUAI. SAJVTT TALYES. 

By the city ordinance for the inspection of boilers 
in the city of Philadelphia, in accordance with Acts 
of Assembly approved May 7lh« 1864, nlso ordinance 
of Councils, approved July 13ib, 1868. all steam 
boilers are required to haTe on each boiler, when 
fired separately, two or more siifety valves. Wlien 
a given safety valve area is distributed over two or 
more valves, the efficiency for the relief uf steam is 
greater than when the area is contained in one 
valve, because the circumference of the valve of a 
safety valve is the measure of tbe amount of orifice 
that is presented for the outflow ot the steam; for 
example, an area of 20.62 inches is required, and we 
find that two yalves, each 3f inches in diameter^ 
equal the above, and their circumference amounts to 
23^76 inch«8; but if we have only one vulve, its diam- 
eter would be 5i inches, and ils circum Terence 16.10 
laches. This compai'ison shows the advantage and 
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wisdom due to two safety valvea in point of safety, 
r^ardless of ita advantage of less risk of botb 
Tttlves being out of order at tbe same time, 

BAHSBOTtOU'B BAFSTT TAI.TBS, 

Ramsbottom's arrangement consists of two safety 
valves held down by a single stout belicsl spring, 
placed midway between tbem. The spring bolds 
down both valves with equal force, and Ibe r.ross- 
bar to wbich tbe spring is aitaclied, and ntaieh rests 
upon both Tslves, is prolonged at one end, ao as to 
ftflord a handle by which the engineer may occ* 
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aiOMllly try bis sleam. Any movement of this 
handle by tbe engineer, whether up or down, fi-ees 
one valve in preasiiig down the olber; and it ia thus 
impossible, by hidiliiig dowu or fastening down 
this handle to prevent tbe escape of steam, and thus 
increase the pressure: for to fcirce down, or to force 
up, tbe handle would only let oS steam, This fea- 
ture tbe wiiter believes Is one of the best yet intro- 
duced for safety valves. Wlien the pressure rises 
too high, both valves blow oS alike, and both rise 
to the full extent to wbich the spring is extended. 
Instead of, as in the ordinaiy arrangement, to bnt 
Otw^ight, oc perhaps one-twelfth, of tbe ezl«Dsion 
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of the spring. Even with a strong fire, the steam 
cannot rise but a very few pounds above the pres- 
sure at which the valyes are set to blow off. 

In this safety valve the pressure can be removed 
from either valve at pleasure, by merely raising or 
depressing the free end of the lever, while at the 
same time the arrangement prevents over- loading. 

AN IDEAL SAFETY YALYE. 

The theoretical action of an ideal safety valve 
would be to prevent the slightest accumulation of 
pressure above the amount intended, and not to con- 
tribute to the falling of the pressure below that 
amount; that is to say, the moment the normal pres* 
sure began to be exceeded, the valve would rise ta 
admit the escape of steam, and would rise to just 
the extent necessary to allow the proper quantity of 
steam to escape, and the moment the tendency to 
undue accumulation ceased, the valve would close; 
and at all intermediate stages of time between its 
first opening and its closing, the amount of opening 
would be exactly proportioned to the surplus steam 
formed. Practically, we know it is impossible to 
construct such a valve, the first difficulty we en- 
counter being the friction of the valve and its 
holding- down apparatus, which prevent the valve 
rising until some slight accumulation of pressure 
has taken place, and which prevents its closing un- 
til the pressure has fallen somewhat below the nor- 
mal point. In practice, a valve never presents at its 
first opening sufficient orifice for the escape of all 
the surplus steam the boiler can generate, but it is 
only after the pressure has risen somewhat above 
the point necessary to open the valve, that the orifice 
becomes sufficiently large. The cause of this is gen- 
erally understood to be that the further the valve 
rises from its sit the greater is the decrease of press- 
ure due to tho issue of the steam compared with 
the pressure inside the boiler, therefore the greater 
the hight to which it is necessary to raise the valve 
the greater the surplus pressure in the boiler must 
te to raise it, and thus, to give sufficient area for 
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Ike diaehftrge of all the steam a boiler gab generate 
Um preaaure must riae ia the boiler above the iiitend* 
ed limit— that ia» aboTe the point at whioh the 
fi^Tea are arranged to begin to blow off. 

tSa nB8T XZPLOSKHf BT AJT OTSB - 'WSEOHl!!B> 

SAFBTT YALYB. 

Dr. 8. QraYeaande. aecretaiy of the Dutch embaaqr» 
who were in England in 1716, saw Captain Savery'a 
pumping engine, and afterwards had one erected 
for a friend. He girea the following description of 
the boiler exploding — ^tbe first on record: 

" The boiler was made spherioaL Upon the safe- 
tj Talve there was a steelyard, the place of whose 
weight shows the strength of the steam, and how 
high it was capable of raising water (24 feet high)^ 
But when the weiglit was at the very end of the 
steelyard, the steam thea being very strong, would 
lift it up, and go out at the yalye rather than daow 
age the boiler. But a man who was entirely igno* 
rant of the nalure of the boiler, without any instiiio- 
tionsy undertook to run it, and, haying hung the 
weight at tbe further end of the steelyard, in order 
to collect more steam to make his work quicker, 
hung also a yery heayy plumber's iron upon the end 
of the steelyard. The consequence proyed fatal, f or» 
a^er some time, the steam, not being able, with the 
safety clack, to raise up the steelyard, loaded with 
all this unusual weight, burst the boiler with a great 
explosion, and killed the poor man in attendance, 
by tbe pieces that flew asunder, there being otlier* 
wise no danger, by reason of the safety yalTe being 
made to lift up and open upon occasion." 

YACUX7X YALVXa. 

iL vacuum yalTe is a safety Talye, opening inwardly 
f<w admitting air and preyenting collapse in the 
•hell when the pressure in the boiler is much less 
than that of the atmosphere. Falling c^ pressure in 
tbe boiler may aiise from condensation of steun \sf 
gradual cooling after the fires are withdrawn. 

TBB DEYIL RAN AWAT WITH TBB 80177. 

The adyantage of having vacuum yalves on ateaak 
bsUens and steam supply pipe% isbest illustrmted faf 
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W. F. Darfee*8 description of how the deril ran 
away with the soup from the kitchen at the oid City 
Hospital, which formerly stood for many years on 
the west side of Broadway opposite Pearl street and 
between Duane and Anthony streetB, New York 
dty. 

Mr. Durfee says: " Abont the year 1850, 1 accom- 
panied my fatlier to New York, his purpose being 
to visit some of the public institutions with a view of 
studying the Tarious methods then in use for cook* 
ing and heating by steam, and among other places 
of note we went to the above-named hospital, whose 
superintendent very courteously showed us through 
the building and explained the system used for heat- 
ing, ventilating and cooking. When we eame to 
the kitchen, we found three (I distinctly remem- 
ber that they seemed ^o me enormous) large iron cal- 
drons grouped together in the center of the room. 
These were provided with wooden covers having 
hinged lids, and we were told that they were used 
to boil the soup and meats by blowing steam dii'ect- 
ly into them through a pipe which entered the cen- 
ter of their bottom. On my father inquiring if that 
method was found to be satisfactory, the superintend- 
ent replied: * Yes; except in one instance.' He then 
told us that one day the chief cook (who was a 
Frenchman) came rushing into his office with every 
hair on end, and his face livid with fright, exclaiming: 
* Monsieur 1 sacr6 Molse I ze diable avez mnd avay mit 
mon soup. Zer es not un piece of ze soup ; lee diable 
avez him entierement. Ah 1 Monsieur, wit me come, 
Youz sal see wiz vous eye. I say ze T6rit^ Par- 
bleu! Monsieur, et es ze grand satan T I supposed, 
said the superintendent, that my cook was either 
insane or drunk, but I accompanied him to the 
kitchen, and on lifting the lids of those kettles, there 
was not one drop of soup to be seen, and only a few 
grains of rice to show that there had been any there. 
Yoillal vous zee vat I tell'd vous; ze diable il a le 
soup I Sacr6 Molse, vat sal ve do?' exclaimed the cook, 
and I began to think that his theory had appear- 
ances to justify it, if nothing more, and I certainly 
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had no explanation of my own ready for the oc- 
casion. However, investigation was in order, and 
its result showed that the cook was not far from 
right, for we very promptly discovered that the fire- 
man was dead drunk, aud, of course, had allowed 
the fire under the steam boilers in the cellar to 
go out, and as the boilers cooled, a vacuum was 
formed in the place of the steam, due to its conden- 
sation by the cold air surrounding the steam pipes 
and the top of the boiler, and as a consequence 
all the soup intended for that day*s dinner had been 
drawn into the steam space of the boiler to satisfy 
its hunger; so the incarnate devil of drunkenness, 
in the person of the fireman, had deprived the estab- 
lishment of a very important part of that day's din- 
ner." 

The lesson taught by this experience, is to be 
sure and put vacuum valves on boilers and check 
valves on steam pipes, when used under similar con- 
ditions. Probably the colloquialism, ** In the soup," 
may have had its origin in the kitchen of the New 
York Oity Hospital forty years ago. 

ATMOSPHEBIO PBESSURE ON 8AFBTT-TALYB DISK. 

The effect of atmospheric pressure on a disk can 
best be illustrated by the following simple experi- 
ment: If any one will take a piece of writing-paper 
about one inch in diameter, and place it on the open 
part of the head of a common tobacco-pipe, and in- 
sert in the paper three small pins as guides, he will 
find it utterly impossible to blow the paper disk off 
the pipe by blowing down the stem. By reversing 
the pipe while blowing, the paper will not fall off, 
but in this position, the moment one leaves off blow- 
ing it will drop. A disk of metal may be suspended 
in the same manner. 

Thif phenomenon in steam was first observed by 
Clement Desormes, who communicated it to the Acad- 
emy of Sciences of Paris, on the 4th of December, 
1812%. He observes that " when steam is compressed 
in a boiler so that a strong current is made to blow 
out through a small orifice, a metal plate or disk, 
on being presented at a little distance from tho 
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orifice, is forcibly repulsed ; but If it is Inougbt near, 
«ud pressed to as nearly to close the orifice and 



e 



rig. aa. 
cause the steam to escape \a a star-like form around 
the outside of the disk in radiant direclipas, 




tranal pressura wiD be found to act npoo the dUk, 
and it can only be wt at liberty b; forcibly raisiDf 
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On the facts observed \xy VL DeBormes, Jacob Per- 
kina makes the following remarks: "The steam 
forces off horizontally in every direction, as M. De- 
Bormes obsenres^ in a star-like form. Now, as a 
strong current of air will be created by the velocity 
of the steam, and pass off with it, the surrounding 
air will follow, and in its course, as in Fig. 66, it 
will impinge on the disk and cause a pressure, and 
that in proportion to the hight or velocity of the 
steam. When the safety valve is so constructed—* 
which is sometimes the case — as to allow the steam 
to pass off in a horizontal direction, the pressm'e will 




be greater than when the valve is conical, which 
gives a different direction to the steam, as in Fig. ST* 
making it more difficult for the air to impinge upon 
the valve." 

The peculiar behavior of a ball placed within the 
influence of either a vertical or inclined jet, was no- 
ticed by Professor Leslie, of Edinburgh, in 1825, as 
already mentioned; and Professor Faraday delivered 
a lecture at the Royal Institution, some time between 
the years 1825 and 1820, in which the general action 
of Jets upon the surrounding air, and, through this 
medium, upon balls and disks, was discussed. The 
*' pneumatic paradox," in various forms, was illui* 
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ln(ted in Yi^s. IX. aad XL of tlM London ModumM 
I fimgj i wg , for tbe yean 1888 and 1889, and reoeivod 
tiw atteiiiioQ or Professor Hure and other writers m 
the early rolumes of diBiiiman*9 Jowrmai and the /mit* 
niA<fih» JPVwfO^ ias^lRtefe. In tbe second editioa 
of •• The Boy's PIny-Book of Science," published in 
1860, Profesfior Pepper, in speaking of currents of 
air that are dragged into an escaping Jet of steam, 
saya: " This tendency of the air to rush into a Jet of 
steam, was dtsooFenad 6y Faraday, and explains 
those curious experimenta with a je( of steam by 
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'Which balk^ empty flasks, and globular vessels are 
sustained and supported either perpendicularly or 
horizontally. If steam, at a pressure of about 60 
pounds per inch, is allowed to escape from a proi)er 
jet, and a large lighted circular torch, composed of 
tow dipped in turpentine, is held oyer it, the course 
of the external air is shown by the direction of the 
flames, which are forcibly pulled and blown into the 
jet of steam with a roaring noise, indicating tbe 
pidity of the blaat of air moTing to the steam jet.' 

Fig. 68 shows a Jet discharging high • pressme 
sleam; B, B, lighted torch held around the escaping 
fltaam. The flames from the latter all rush into th* 
fomer. Vgg shelly empty flaska, Iiidia«iifai»r m 



» 
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light copper aod brass balla are aospended In the 
tnost Bingukr maaDer inside an escapiog jet of high- 
pressure steam, and before the ezplanaiion of Fara- 
-dsy reams of paper were tised in the discussion of 
41ie poauble theoif to BCCount for this effect; and 
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-what made the explaaatioa sUll more difficult, was 

the fact that the Jet of ateam might be ioclined to 
any angle between tile horizontal and the perpeodic- 
ular, and still hold the ball, egg shell, or other aplieri- 
-cal flgaie, firmly in its vapory grasp. 
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Fig. 6& U a ball-and-socket Jet at an angle, and 
discharging steam. Tbo egg-shells are supported by 
the enormous carrentg of air moving into the jet in 
tlie direction of the arrows. 

In tlie iBtler part of the last cenlniy, the " princi- 
ples of the lateral communication of motion in fluids " 
were investigated very thoroughly by Professor Ven- 
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tnil, of Hodena. and it Is the aclion of the Jet on tba 
BurrouDdJDg air, to accordance nith tbe piiociples 
elucidated b} him tbat the support ot tbe hall In sU 
CBiea depeudb. The peculiar action of " induced lat- 
eral currenls" ot air is well illuBlraied b^a gimple 
ezpenment ; Take a piece ot ordinary writiDg. 
paper, roll it around a common lead pencil, and 
confine its outer edge with pute or ^m, and an 
withdrawing the pencil you have a paper tube. Cut 



a circle of about 2} inchea across, out of a alUI eaS, 
and pierce its center with a bole about i inch in 
diameter; now attach (he paper tube to the cenlex 
of the card t>7 some sealing wax, and near the edge 
of tbe side opposite to that occupied by the tube, 
place three small drops of sealint; wax at equal dis- 
tances from each other ; then cut another circle ot 
card of the same size as the first ; on putting thla 
card on the drops of wax before nnmed, inverting tbe 
whole appantuii and blowing forcibly throngh tbe 
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tube, u ahowD in Fig. 00, it will be found to be Im- 
possible te displace tbe card, but m soon u tbe blaal 
of air ceases the card will drop of itBdlf ; Ibis \b onv 
fbrm of I lie '' pneumatic paradox" bo called, and tlM 
■appiirt of the card ia due entirely to tbe action of 
"lateral" or "induced ciirtentB" of sir. 

At llie Centennial EzhibitioQ at Fliltadelpbia, in 
ism, the curious pbeDomenon was shown of a boll 
BUBtiklDed by an inclined current of air, which was 
Bbown in the exhibit of tbe Westinghnuse Air-Brake 
Compaiij. This company hnd a lectiver filled with 
compressed air, at about 70 pounds pressure to the 
square incb. When the brake on exhibition was 
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not in operntlon, (he air of the receiver, being con- 
tinunll; supplied bj na nirpiimp, was allowed lo es- 
cape thiciiigli a noMle of almul \ inch bore, set to a 
vertical iiiclinalion or about' S0°. Over Ibis jet of 
air WHS placed a ball (see Fiir. 61). which rentaiM 
aftiat ill tbe air witlioiil any Tinible meaim of swpeM- 
Slon. There were Ave bHila ;— first, s solid glass balll 
of \\ inch diameter : second, two solid nnoden balta 
of 8 inches ribuneter ; (bird, one hollow rut>ll<T ball 
of 8 iiiciies dmmetiT; fourth, one hollow rubber ball 
Of Cinches diameter. Bich of ilia almw balla, wlw 
plaoit In the air Jet, showed this phenomenon. 

B»en more ciiH«u« it a|ipeara when two balb al* 
•oqwDded siinuiuaeuuiil7 ; the current of air, ilUr 
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leaving the small glaas ball, being sufficiently strong 
to give support to the largest (5 inches in diameter) 
of the rubber balls. The impression this experiment 




Mig. 68. 

created was very striking indeed. As a rule, the 
suspended ball rotates very rapidly in the direction 
shown by the arrow, but sometimes it remains sta- 

t 




ti(»ary, owing to the fact of the center of gravi^ 
not coinciding with the geometrical center : for the 
«ame ball once made to rotate by an external force^ 
will continue the rotation with i nci'eased speed. The- 
vertical inclination of the Jet may be changed tO' 
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about 4t!° before the ball loses Its state of BuspeouOQ 
and drops oft. 

A similar phenomenon — a ball dancing on top of 
Uno watei-Jet of a fountain— is often seen, and will 
likewise remain sustained if the Jet ia more or less 
inclined (see Fig. 62). 

Hugo Bilgram, mechanical engineer, of Philadel- 
phia, makes the foltoving explanation of the cause 
of that remarkable phenomeDon: His Inveatigation 
revealed the fact that the current a b. Fig. 68, instead 
of leaving the ^lall In the line b e, as might be ex- 
pected, follows the curvature of the hall along the 
line & d, and at length leaves the ball in the line 
de. A light ball, when placed in the jet, U struck 



Fig. es. 

nearly centrally (see Fig. G4), the current envelopi 
the whole ball and unites again, leaving the ball in ' 
the line d e, appearing as though the current wsa 
passing through the ball. It can however, easily be 
found that the upper branch of the current Is strong, 
er than the lower one! 

By a series of subsequent experiments, it wss 
found that any current of air striking a convex 
surface, has the tendency to follow that surface. 
One of these experiments is as follows : Attach to 
one end of a small tube, about \ inch to { inch dia- 
meter, and 4 to S inches long (which may he made 
by rolling up a piece of writing-paper), a piece of 
thread or yarn about 4 to S Inches long. lUowthrough 
the other end of this tube and direct the cumnt 
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ID igttittal all object witli a eoDirexBait«M4 T1wIIm«mI» 

ioHoiflfig the eunvot, wiU iDdicftte * Mkn^lkm m 

{ iThown in Fig. 65. After demooBtrating M» iBol, 

1 ttoBeKtatepwaBtofinditscaiiM. Itisw^liwmm 

I ttel ttiy current tends to carry ahmg with H tiMittr*. 

miDdlfig partidei of air ; bence, the MtkppmtA ««rb 

rents b e. Fig. 68, being freely supplied with «ir fnm 

tHe left side only, will create a rarefaction «€ air in 

tlie angle ft d. II is thus exposed to a <HM-slded 

preestire, and will, therefore, be deflected* m m^n^ 

tioned, ftnd follow the cunratura of the stt rl aci iMit ii 

it meets a counter-current sufficiently stroBf to |li^ 

f«Bt a further rarefaction. If this Tlew cwn Ibe svb- 

siMitiiited, it is plain that two external f oroas «« acU 

ing upon the ball. One, the impact of the air cur« 



.rent at d, transmittted at right angles to the surf ace, 
acts radially, and can be represented by the line^^. 
The other force, o g, is occasioned by the surplus 
pressure of the atmosphere on the lower «id6 of the 
hall, over that of the rarefied zone under the curved 
current, and, combined with o p, it forms the ^vertical 
resultant o r, by which the weight of the ball is sua- 
tained. The rarefaction of air under the defleotion 
current can be preyed by the following experiments t 
Cut a small hole, say ^ inch square, in a piece of card- 
board, fasten over tliis hole a cover of the same mate- 
rial, by means of a strip of thin paper and mucilage,, 
to form a valve, and bend both the card andibcTalve 
into cylindrical form. If, now, a current of air is. 



146 BAFBTT VALYSB. 

directed against the card, as shown in Fig. 66, the 
TaWe will open wide, sUowiug Uie pressure uurier it 
to be greater tlian tliat above il. Or, take a strip of 
ordioary paper, about 1 to 2 iucliea wide, lay it over 
a cylindrical surface, and blow against it in a nearly 
tangential direction. Tbe end of the strip will tlien 
rise as show d i n Fig. 6T. 

Quite a number of oilier esperiments might be 
anenlloned, proving the same fads. The rolalion 
■of tbe ball is produced by tbe fiictioD of Ibe air cur- 
rents passing over the ball, and is, therefore, a sec- 
ondary result. 

The phenomenon of deflection of a current when 
striking a convex soiface can be brought to bear on 



geographical and meteorolo-tical facts. The Gulf 
Stream follows the curved sbore of Ihe Uniled SUles, 
for the identical reasou Ihat the aeiial current follows 
the shape of a cylinder or a globe, and lakes a course 
■which otherwise it would not take. Wlien a cur- 
rent of the higher strata of Ibe almospheie slrikes 
the peak of a mounlain, it will be deflected, follow 
the Bidea ol the mountain, and will sweep Ibe valley. 
A TBBACHEEOrB SATBrr-TALTB. 
Bolters are often opeiated without any Bleam 
gauge, depending on Ibe siift-ly valve only, to show 
tbe maximum sleam pn^-ure, a priiclice wbich 
should not be allowed under any circumstance. W. F. 
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Durfee relates the following drcumslances which 
came under his experience, which shows the danger- 
ous practice of using boilers with one safety valve 
only, also the hidden danger which may exist in aa 
apparently reliable safety valve. 

Mr. Durfee says: About twenty years ago, during 
the progress of some constructions then under my 
supervision, I procured a second-hand portable boil- 
er for tempo rai-y use. This boiler was provided 
with a safety valve whose lever was graduated to 120 
pounds, and three gauge cocks, but had neither press- 
ure gauge nor glass water gauge, and, as the boiler 
was to be used but a short time, I did not think it 
necessary to furnish it with the two last-named 
fixtures. 

The boiler was placed in the care of a steady-going 
son of Erin, whom we will call John, wiih instruc- 
tions to leave the safety-valve weight on the 60-pound 
notch; to keep two gauges of water; to keep the 
8te»m as near 60 pounds as possible, and to report 
at once any trouble which occurred. John took a 
lively and attentive interest in his duties, and every, 
thing went well with him and the boiler for several 
weeks. But one dny I was surprised by his sudden 
appearance, with every limb and feature indicative 
of extreme terror. As soon as he was able to speak» 
he exclaimed : 

**The diviVs got in the boiler, Mr. Durfee I" 

" What do you mean, John?" said I. 

"The divil'sgot in the boiler, I tell ye; fur the 
weight's on the ind av the liver, an' is up in the air 
as high's it can ^it; an' the divil a mite iv stame's 
comin* out!" 

"Well,** I replied, "we will go down and see if 
we can get the * divil * out." 

On reaching the boiler I was surprised to find the 
valve weight at the 120-pound notch, and that it 
was as high as it could "git" (Fig. 69), and, to my 
utter astonishment, there was but a suggestion of 
steam escaping. My first thought was that in all 
probability I was in the immediate vicinity of a 
boiler explosion ; however, there was nothing to 
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M bat to aaeertain the cmhc of ibe e^tHvg eo»- 
dHloDB, ud tbenfore I Immedirtelr tried tha gn^ 
tmi^. fottiKl two foil gangM of w&ler, and, fnm 
Ifee ^>peinince of the atewn wbl^ Mcapnd «■ 



opening the npper cock, It did not seem pota- 
ble tlial there was 120 pounds preasnre upon tbo 
boiler. I then took a flre-honk, ud without 
mnch effort, pulled the safety-valve lerer down, 
bot on releasing the hook it slowly retained to lia 
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foiqwr podtitq, and at no point of lU DVonmvit 
wu there k\j ioct««ae of ibe jvrj •dibII «a<l foeVIe 
Tolume ci Btesq escaping. I repeated tbfa e<perl- 
nteDt wl4) the nme result, and ibeo began to ttiipk 



J 



tliatJotiD'sdlagDOBiswu correct; the boiler certainljr 
aeemed tobe "posseasedof adevil." Jiuthowhe^ 
J», and bov be produced the observed eftecta, I could 
not Imagine; tny previous practical experlenw wit}i 
Slevn iDBcblDeiy, vhicb \ had been in tbe habit <)t 
r^ardiog BB embracing every Bpedea of "pure cow. 



YA CXrUM VAL VBS. 15(> 

edoess ** that steam generators were heir to, did not 
furnibh any clew to the mystery — ^for mystery it cer- 
tainly appeared, and one which required prompt and 
decisive action for its solution. I therefore ordered 
John to draw the fire as quickly as possible, and to 
report to me when the boiler was cold enough for 
men to dismount the valve. In due time this was 
accomplished, and the state of facts disclosed is rep- 
resented in the accompanying cuts (Figs. 68 and 69), 
which show the interior of the valve before and after it 
became "possessed of the devil" of deadly danger. 
The engravings so clearly exhibit the details of the 
valve and the relative position of its several parts 
that very little explanation is necessary, and it will 
suffice to say that the shell S of the valve was of cast 
iron, bored out to receive a cylindrical gun-metal 
bushing, B, which was forced into its place and held 
there simply by f rictiou. On the upper end of this 
bushing the sit for the valve V was formed. As- 
long as the bushing B remained immovable the steam 
pressure acted on a circular area of the lower surface 
of the valve Y, having a diameter equal to that of 
the interior of the bushing B, but as soon as the re* 
paated expansions and contractions incident to use 
and years had loosened the bushing B the circular 
area upon which the steam acted had a diameter 
equal to the exterior of the bushing B, which, with 
the valve Y resting upon it, was then free to move 
upward (see Fig. 69) as far as the lever L would per- 
mit, acting simply as a piston valve— or, rather, pis-^ 
ton — with no outlet for the fiteam save that due to 
the trifling leakage arising from its imperfect fit in 
the shell S. The area of the last named circle waa 
a little more than douNe that of the first. 

John's procedure before he reported the presence of 
the ** divil " in the boiler, was as follows: Observing- 
the lever L in the position indicated in Fig. 68, when 
the weight W was at the 60-pound notch, and desir- 
ing to ascertain what pressure there was on the boil- 
er, he commenced moving the weight W outward^ 
the pressure of his fear augmenting as he moved the 
weight from notch to notch until the end of the lever 
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was reached, and then the dynamic value of his ter* 
ror was sufficient to send him flying to me as fast as « 
his quaking legs could carrry him. It is not un- 
oommon for a coroner's Jury, while attempting to 
ascertain the cause of some disastrous boiler explo- 
sion, to be told by llie confident witness (he is always 
on hand in strong force on such occasions) that "the 
safely valves were all right, as they had been exam- 
ined but an hour before the explosion occurred." 
Such evidence in the case of a safety valve like the 
one I have described would be of no value whatever, 
as the fact of its being in good order when examined 
would be no assurance that within the next five min- 
utes it would not be worse than no safety valve at 
all. It is extremely probable that there are many 
such safety valves in use to-day, and also that valves 
of such construction have been the cause of many 
unexplained explosions. 
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